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Original Communications 


THE PHLEBOGRAPHIC PATHOLOGY OF THE 
POSTPHLEBITIC LIMB 


T. O. Murpuy, M.D., ANp D. A. FELDER, M.D., St. PAUL, Minn. 


(From the Department of Surgery, University of Minnesota Medical School, Minneapolis, 
Minn., and the University General Surgical Service, St. Joseph’s 
Hospital, St. Paul, Minn.) 


ENOUS disease of the lower leg is one of the most widespread and, often, 

poorly treated diseases today. The basic concepts of therapy of deep 
vein involvement have not changed in essence since Linton’ introduced and 
popularized the “flap operation” in 1938. The understanding of deep vein 
disease has changed little since the description of deep vein varicosis by 
Verneuil*® in 1855. 

A phlebographie technique that will give an accurate appraisal of the 
deep vein pathology was presented by Felder* in 1950, and recently im- 
proved.*® The use of ‘‘isoflow’’ phlebography” ® allows the investigation of 
the pathologic anatomy of the postphlebitic syndrome in a large number of 
cases with ease. 

METHOD OF STUDY 


In this study, eighty-three phlebographic studies were made in patients 
with postphlebitic limbs. All eases were subjected to a period of intensive 
conservative therapy in an attempt to heal any open stasis ulcers prior to the 
phlebographie study. Those postphlebitic limbs which failed to respond to 
the conservative regimen were subjected to phlebography. A small number 
of patients were hospital bed patients at the time of the study, but over 90 
per cent of the group were ambulatory. 


INTERPRETATION 


The films were interpreted using the criteria of Sgalitzer® and that further 
outlined by Felder.® Our criteria for valvular incompetency are as follows: 


1. Exceptional dilatation of the vein. 


Received for publication July 13, 1954. 
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the vein below the valve. 


3. Tortuosity. 
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One or more incompetent valves in the same area with dilatation of 


4. Pooling of contrast medium in dilated deep vein varices. 

5. An extensive irregular lumen without visible valve structure. 

The finding of one incompetent valve is not considered adequate evidence 
to label a vein incompetent; however, finding the entire picture described pre- 
viously does allow one to come to this conclusion. 


RESULTS 


Table I gives the percentage of visualization of the deep veins of the 


limbs studied, and the percentage in the group that showed pathology. 


In 


this analysis there are a few instances in which a vein was not visualized and 
thus the status of these remains unknown. 














TABLE I. AN ANALYSIS OF THE PHLEBOGRAPHIC FINDINGS FROM 83 STUDIES OF 
POSTPHLEBITIC LIMBS* 
VEIN | PERCENTAGE VISUALIZED | VEIN | PERCENTAGE VISUALIZED _ 
Femoral 85 Posterior tibial 90 
Normal 52.5 Normal 75.0 
Bifid 6.0 Incompetent 15.0 
Incompetent 7.0 , 
Venous by-pass 18.0 Peroneal a 92 
Thrombosis 1.5 Normal 77.0 
Incompetent 15.0 
Deep femoral 54 
Normal 44.0 Sural _ 84 
By-pass 10.0 Normal 54.0 
Incompetent 30.0 
Long saphenous 65 ; 
Normal 2.0) Short saphenous 23 
Incompetent 63.0 Normal 3.5 
Incompetent 19.5 
Thigh communicators 25 , 
Normal 5.0 Leg communicators 
Incompetent 20.0 Lateral 7 92 
Normal 15.0 
Popliteal 92 Incompetent 77.0 
Normal 32.0 ; 
Bifid 52.0 Medial 89 
Incompetent 8.0 Normal 8.0 
Incompetent 81.0 
Anterior tibial 84 : : 
Normal 81.0 Posterior 81 
Incompetent 3.0 Normal _9.0 
Incompetent 72.0 





series. 


was found in 6 per cent. 
Duplication, such as this, was described by Braune*® in 1889 from anatomic 


dissections. 
studies. 
the series. 


‘‘Venous by-passes’’ were noted in 18 per cent. 
types of by-pass (Fig. 1). 








*All figures represent percentages visualized of the total series. 


Femoral Vein.—The femoral vein was visualized in 85 per cent of the 
It was thought to be abnormal in 26.5 per cent. 
These were all thought to be physiologically normal. 


A bifid femoral vein 


An incompetent femoral vein was found in 7 per cent of our 
A femoral thrombosis was found in one patient, or 1.5 per cent of 


We have observed two 


One is the large collateral, either of a duplicated 



















ms PHLEBOGRAPHIC PATHOLOGY OF POSTPHLEBITIC LIMB 875 
parallel vein or veins running in juxtaposition to the primary channel with 
many short intercommunications. These we have chosen to eall minor by- 
passes. The second type, or major by-pass, is the large collateral, in another 
plane, with few or no connections with the primary channel other than its 
origin and termination. The deep femoral vein is often incorporated in this 
type of system as brought out by Edwards and Robuck.’” 

Deep Femoral Vein.—The profunda femoris was visualized in 54 per cent 
of the series; it was incorporated in a venous by-pass in 10 per cent. 

Long Saphenous Vein.—The long saphenous vein was visualized in 65 per 
cent of the eases in spite of attempts to prevent filling of this system. The vein 
was incompetent in 63 per cent and normal in 2 per cent. 





Fig. 1.—Major and minor lbhy-passes of the thigh. SF, Superficial femoral vein with Mi, 
minor by-passes. DF, Deep femoral veins incorporated in a Ma, major by-pass. 
Communicating Veins of the Thigh—Communiecating veins of the thigh 

were noted in 25 per cent of the cases, being normal in 5 per cent and incom- 

petent in 20 per cent. This compares well to the studies of Linton,? who found 
such communicating veins to be present in 25 to 30 per cent of his anatomic 
studies. These veins were almost always in the medial lower third of the 
thigh. 

Popliteal Veins——The popliteal vein was visualized in 92 per cent of the 
series; this vein was incompetent in 8 per cent. There was evidence of a bifid 
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popliteal vein in 52 per cent. This approximates the data of Williams, 
found a bifid or duplicate popliteal vein in 66 per cent of his anatomic dis- 
sections. The bifid popliteal vein is felt to be a physiologically normal vein, 
but is of importance if the popliteal vein is to be ligated, as has been a recent 
vogue (Fig. 3). In a review by one of us (T. O. M.)* of 60 cases of popliteal 
vein ligation between 1945 and 1952, no instance of a bifid popliteal vein was 
mentioned in the operative report, and thus, a bifid popliteal channel must 
have been missed in many of these eases. 





| 


Fig. 2.—Incompetent anterior tibial veins (AT). C, Communicating veins. 





Anterior Tibial Veins.—The anterior tibial veins were visualized in 84 






per cent of our series, and were incompetent in 3 per cent (Fig. 2). 


*Unpublished data. 
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Posterior Tibial and Peroneal Veins.—The posterior tibial vein was visu- 
alized in 90 per cent of the series. Seventy-five per cent were normal and 15 
per cent were incompetent. The peroneal veins were visualized in 95 per cent; 
15 per cent were incompetent (Fig. 4). 

Sural Veins.—The sural veins were visualized in 84 per cent of the series, 
of which 30 per cent were incompetent. These veins were often very large and of 
a ‘‘pantaloon’’ configuration which allowed considerable pooling of the con- 
trast medium (Fig. 5). 





Fig. 3.—Popliteal veins (P) with four channels crossing the joint space. Su, Sural veins; 
C, communicating veins. 


Short Saphenous Vein.—The short saphenous vein was visualized in only 
23 per cent of the series, which, as in the ease of the long saphenous vein, is < 
characteristic of this technique. This vein was incompetent in 19.5 per cent 
of the cases. 
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Communicating Veins—The communicating veins of the leg presented 
the highest degree of incompetency. These veins were divided into lateral, 
medial, and posterior groups (Figs. 2-5). The lateral group were visualized 
in 92 per cent of the series. These were normal in 15 per cent and incompetent 
in 77 per cent. The medial group were visualized in 89 per cent of the series, 
of which 81 per cent were incompetent. The posterior group were visualized in 
81 per cent of the series, being incompetent in 72 per cent. 





Fig. 4.—Popliteal vein (P), anterior tibial veins (AT), peroneal veins (Pe), ulcer site (U), 
posterior tibial veins (PT), sural veins (Sw). 
DISCUSSION 

The incidence of venous incompetenecy seems to be related to the status 
of supportive structures around the vein. The anterior tibial veins lie in a 
tight compartment surrounded by bone and fascia. Furthermore, this com- 
partment contains a strong and very active muscle group. This should allow 
excellent surrounding support to this venous system, and may account for the 
low incidence of incompetency here (3 per cent). The posterior tibial and 
peroneal veins lie between the deep muscles of the calf and the interosseous 
fascia. The degree of support here is not as good as that in the anterior tibial 
system. The incidence of incompetency increases to 15 per cent. The sural 
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Number 


veins arise in the calf muscles, and, after coursing through these muscles, 
emerge to join the peroneal, posterior tibial, or popliteal veins. The muscle 
tone of the posterior calf muscles is often diminished in the older patients, and 


especially so in the group of patients with postphlebitie limbs. The incidence 
of incompetency in this area is 30 per cent. The communicating veins of the 





Fig. 5.—Popliteal veins (P), communicating veins (C), sural veins (Su) of a ‘“pantaloon” 
configuration. 


lower leg course through fat and connective tissue to merge with the super- 
ficial venous system. These veins have a minimum of support from the sur- 
rounding tissue and, as may be expected, have a high degree of incompetency. 
The high degree of incompetency of these veins further confirms the opinion 
of Linton! as to their importance and the justification for their ligation. It 
is noted that a high percentage of these medial and posterior communicating 






































880 MURPHY AND FELDER Sune 
veins take origin from a large incompetent sural system. Many of these veins 
course for some distance just under the fascia of the posterior calf prior to 
perforating it to join the superficial system. This indicates that a simple 
ligation of such a vessel at the point of its fascial perforation still leaves a 
long, dilated segment of vein open. 

It is not our contention that the lack of supporting tone is responsible for 
the production of an incompetent vein. However, we do feel that failure of 
museular support is of importance in the progression of the disease. 

The venous by-pass as parallel collateral channels in the thigh, deseribed 
by Edwards and Robuck,'? may enlarge as a result of an obstruction of a 
central channel. We have often found the valves in these by-passes to be 
incompetent or completely absent. This situation probably exists in many 
more individuals than we have heretofore realized. If such collaterals dis- 
turb the venous hemodynamics by circumvention of vein segments with nor- 
mal valves, then one may postulate that some clinical disability may arise. 
These anatomic variations may be responsible for such complaints as those 
noted in patients with more obvious venous disease. Since this condition in- 
volves the large deep veins of the thigh, it is possible that some instances of 
unexplained, unilateral ankle edema may be due to it. 

It has been noted that occlusions in the deep veins of the lower leg are 
associated with large, incompetent, communicating veins acting as collaterals 
either temporarily or permanently. It has been common practice to ligate 
these communicating veins, and also associated superficial veins, at the site 
of fascial perforation. The long and short saphenous veins may also be a 
part of this type of involvement. If the ligation of these superficial by-passes 
is of salutory nature, then, perhaps, ligation of the deep by-passes may be 
feasible. We have explored and ligated several deep vein by-passes in the leg 
and thigh. 


SUMMARY AND CONCLUSION 


An analysis of the pathologic phlebographie anatomy has been presented 
from eighty-three studies of postphlebitic limbs. The findings have been 
discussed with an aim toward a better understanding of the disease process 
and a more rational approach to surgical therapy. It is felt that a more ef- 
fective treatment of the postphlebitic limb may be devised from such studies 
as these. The importance of the communicating veins, the sural veins, and the 
possible importance of venous by-passes in the thigh have been stressed. The 
degree of incompetency seems to be related to the muscular and fascial sup- 
port given to the veins. 
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TREATMENT OF PENETRATING WOUNDS OF THE HEART: 
EXPERIMENTAL AND CLINICAL OBSERVATIONS* 


Denton A. Coo.ey, M.D., J. RaLpH DuNN, M.D., H. LERoy Brockman, M.D., 
AND MicHAEL E. DEBaxkey, M.D., Houston, TExas 


. (From the Department of Surgery, Baylor University College of Medicine, and the surgical 
services of the Jefferson Davis, Veterans Administration, and Methodist Hospitals, Houston) 


OR centuries the management of cardiae wounds has challenged the judg- 

ment and technical skill of surgeons. As early as 1649 Riolanus** sug- 
gested use of pericardicentesis in such injuries, and in 1829 Larrey,’* the 
noted French surgeon, treated a cardiac wound by pericardial aspiration. He 
also conducted animal experiments to determine the cause of death in cardiac 
wounds. In 1886 Fischer’ reported 452 cases of cardiac wounds treated by 
venesection and pericardial aspiration with a case fatality rate of 84 per cent. 
In 1895 Del Vecchio’? demonstrated the feasibility of cardiorrhaphy in dogs. 
He also suggested the usefulness of pericardicentesis in the conservative 
management of wounds of the heart. Near the end of the nineteenth century 
several unsuccessful attempts were made to repair ecardiae lacerations in 
patients, and to Rehn,”* in 1896, goes credit for performing the first clinically 
successful eardiorrhaphy, which perhaps opened the way for the development 
of cardiae surgery. 

Until the past decade emergency cardiorrhaphy was generally considered 
the treatment of choice in cardiac wounds, and in this country a number of 
surgeons, notably Elkin,’ Bigger,* and Griswold,’® accumulated wide experi- 
ence with this method of treatment. However, even they reported a high 
mortality rate, and the operative mortality rate in this country was 50 per 
cent... Recently, Griswold and Drye’® reported twenty years’ experience at 
the Louisville General Hospital totaling 108 cases of cardiac wounds with a 
mortality rate of 37.9 per cent. The mortality rate was reduced from 46 per 
cent in the early period (1933-1941) to 31.5 per cent for the later period (1941- 
1953). They recommended operation and ecardiorrhaphy in almost all cardiae 
injuries, and during these respective periods the operability rate increased 
from 60 per cent to 89.5 per cent. Maynard and associates’ collected eighty- 
one eases of penetrating cardiac wounds at Harlem Hospital with a gross 
mortality of 57 per cent. Among the sixty-one patients operated upon, the 
mortality was 42.7 per cent. Despite this high mortality they continued to 
advocate operative management as treatment of choice for cardiac wounds and 
recommended nonoperative treatment only for the mildest cases. They did not 
consider pericardicentesis as definitive treatment in cardiac injuries. 
ere for publication Jan. 3, 1955. 


*Aided in part by a grant from the Houston District Chapter, Texas Heart Association, 
and the Cora and Webb Mading Fund for Surgical Research. 
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Although pericardicentesis was employed by others previously, the 
rationale of this method together with fluid and blood replacement as definitive 
treatment in cardiac injuries was first recommended by Blalock and Ravitch® 
eleven years ago. Among the eighteen patients in their series treated in this 
manner, there was only one death. Elkin,’* a former proponent of operative 
therapy in cardiac wounds, recently reported seventeen cases of patients 
treated conservatively with one death. Although conservative management of 
eardiae injuries results in a significantly higher incidence of survival, the 
advocates of this method of therapy agree that an occasional desperately ill 
patient who does not respond to conservative measures must undergo operation 
and attempted cardiorrhaphy. 

In order to evaluate the operative and nonoperative treatment of penetrat- 
ing wounds of the heart and pericardial tamponade, a series of experiments 
was performed to determine the factors influencing survival under these cir- 
cumstances. The results of these experiments, together with an analysis of 
fifty-seven cases of patients with penetrating wounds of the heart admitted 
to Jefferson Davis Hospital during the past four years, form the basis of this 
report. 

EXPERIMENTAL OBSERVATIONS 


More than 100 adult mongrel dogs were used in these experiments. The 
dogs were anesthetized with morphine and pentobarbital or ether, and an 
intratracheal catheter was inserted. Whenever the experiment necessitated 
opening the chest, the lungs were artificially insufflated with air. The arterial 
and venous pressure, intrapericardial pressure, and intrapleural pressure were 
recorded. 

A. Experimental Cardiac Tamponade.—Tamponade was induced in the 
anesthetized animal by instilling saline solution in 20 to 25 ¢.e. increments into 
the pericardial sac. In most instances a critical level of pericardial pressure 
was determined at + 20 em. saline solution, at which point blood pressure dropped 
to a mean of 25 to 40 mm. Hg. At this stage venous pressure (VP) exceeded 
pericardial pressure (PP) by 2.0 em., a gradient which was apparently neces- 
sary for cardiac filling to oceur at all. If pericardial pressure was slightly 
raised above this critical level, the VP and PP were almost equalized, arterial 
pressure declined sharply, and cardiae action ceased unless the pericardial pres- 
sure was released.* This, of course, demonstrated the resuscitative effect of 
pericardicentesis in cardiac tamponade and revealed quite strikingly that 
volumes of aspirant of as little as 5 to 10 ¢.c. had immediate influence upon re- 
covery of circulation. 

In the past the rationale of administration of infusions to patients with 
pericardial tamponade has been questioned because it was postulated that to 
raise venous pressure further in pericardial tamponade would be harmful. 
Klevating the venous pressure under these circumstances increases the right 
atrial pressure and pericardial pressure. This, in turn, further increases the 
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constricting effect on the vena cava and impairs cardiac filling. Howeve) 
Cooper, Stead, and Warren’ have clearly demonstrated that rapid continuou 
infusions of saline solution enabled the animal to withstand 92 to 146 per cen 
greater pericardial pressure. The present experiments revealed that rapid ir 
jections of approximately 300 ¢.c. of saline solution produced a slight bu 
exceedingly transient rise in blood pressure, as already shown by Beck* an 
Sawyer. Continuous massive infusions of saline solution had a somewha 
more prolonged beneficial effect, but this, too, was soon dissipated unless peri 
‘ardial pressure was released. Continuous blood transfusion produced 
favorable effect in the presence of tamponade, roughly similar to the effect 
continuous saline infusion. These results, therefore, are in agreement wit! 
those of Cooper and associates’ in that further increase in venous pressure }\ 
means of infusions in the presence of pericardial tamponade apparently en 
hances cardiac filling in spite of the associated elevation of pericardial pres- 
sure which is produced.® 

Circulatory stimulants in dilute continuous infusions were tried in the 
presence of tamponade. The vasoconstrictor drug, norepinephrine, proved 
particularly effective in raising systemic blood pressure, even in the presence 
of tamponade. This elevation of blood pressure occurred in spite of an asso- 
ciated increase in VP and an increase of pericardial pressure sometimes two 
to three times greater than the critical level. Studies were also undertaken to 
determine whether the increased blood pressure represented actual increase 
in eardiae output or was simply a manifestation of the peripheral vasocon- 
strictor effect. The vasoconstrictor effect appeared to be the most significant 
one. Nevertheless, animals in critical condition could be resuscitated by this 
drug, and it appears to have clinical usefulness as an adjunct to therapy. 
Warren” reported that high normal peripheral resistance occurs regularly in 
the presence of cardiac tamponade, and on the basis of our experiments it 
appears that further increase in peripheral resistance may exert a temporarily 
beneficial effect upon the circulation. 

A study was made of the effect of elevated blood alcohol upon the ability 
of the animal to withstand cardiac tamponade. Aleohol was administered 
intravenously to the animal until a level of intoxication was reached. Alcohol, 
which is a central nervous system depressant and peripheral vasodilator, 
significantly decreased the animals’ tolerance to cardiac tamponade and 
furthermore interfered with the usual resuscitative effects of norepinephrine.* 

The effect of artificial pulmonary insufflation upon circulation in peri- 
cardial tamponade was evaluated in order to explain the frequeney with which 
sudden circulatory failure may occur during the initial phase of positive pres- 
sure anesthesia. Experimentally alternating positive pressure insufflation of 
the lung produced further increase in PP and VP, leading to further fall in 
systemic pressure and frequently death. On the other hand, alternating posi- 
tive-negative pressure insufflation was tolerated much better, and the negative 
phase appeared to enhance eardiae filling significantly. From these studies 
it would appear that the type of pulmonary insufflation usually employed in 
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thoracic operations could be dangerous in the patient with tamponade and 
that death may ensue immediately upon introduction of the intratracheal tube 
and commencement of positive pressure anesthesia. 

Experiments comparing the use of pentobarbital and ether as anesthetic 
agents in the presence of tamponade revealed that barbiturates reduced the 
tolerance for positive pressure anesthesia. These observations are in agree- 
ment with those of other workers,® ?! who have demonstrated the adverse 
effects of the barbiturates in positive pressure anesthesia. 

B. Experimental Cardiac Wounds.—Experiments were conducted to deter- 
mine the factors influencing survival in actual cardiae wounds in order to 
study the effect of the myocardial damage itself upon circulation. In order 
to evaluate these factors experimentally, it was necessary to construct an 
instrument which would inflict a cardiae wound of standard size and shape. 
An instrument was finally designed which made an incision by means of ex- 
pandible blades as it was being withdrawn from the cardiac chamber.” Ap- 
proximately 30 per cent of the animals wounded in this manner died and 80 
per cent of these within the first thirty minutes. The majority of the dogs 
surviving the critical immediate period but dying in the next few hours pre- 
sumably could have been saved by resuscitative measures. This suggests that 
patients who arrive at the hospital alive at least thirty minutes after injury 
have a type of cardiac wound that provides a reasonably good chance for 
survival. These observations would seem to support the advocacy of the non- 
operative management of penetrating wounds of the heart. 

Results of experiments related to the influence of location of the wound 
to survival indicated that left ventricular wounds of standard size caused a 
higher incidence of immediate fatality and tended to bleed more actively than 
comparable right-sided wounds. They also produced cardiae tamponade more 
frequently than wounds of the auricles. Lacerations to coronary vessels, 
particularly the anterior descending branch of the left coronary, were the 
most serious. 


CLINICAL EXPERIENCE 


Since Jan. 1, 1951, the surgical staff at Jefferson Davis Hospital has 
treated penetrating wounds of the heart by nonoperative means as the method 
of choice. Between Jan. 1, 1951, and Oct. 31, 1954, fifty-seven patients were 
admitted to the emergency ward with penetrating wounds of the heart. This 
ineluded all patients admitted with any sign of life whatsoever, although some 
died immediately after admission and before any method of treatment could 
he instituted. Thus, among the fifteen patients in whom pericardicentesis was 
not performed, five died in less than ten minutes after arrival at the hospital. 


Patients admitted to the hospital with stab wounds of the chest and pre- 
cordium are examined promptly for signs of pericardial tamponade. Peri- 
cardicentesis is performed immediately, usually parasternally through a left 
ifth intercostal space, and blood is evacuated into a basin, where it is 
‘xamined for clotting. If the blood is incoagulable, then it is assumed to be 
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from the pericardial sac, whereas if a coagulum forms, the blood may hav« 
been withdrawn from a cardiac chamber. Pericardial aspiration may be per- 
formed repeatedly, particularly wherever signs of recurring tamponade appear. 
The blood lost is replaced by blood transfusion, and while the blood is being 
crossmatched, infusions of glucose solution containing norepinephrine may b« 
administered cautiously to raise blood pressure above 80 mm. mercury ii 
possible. If, under careful observation and after several pericardicenteses, th 
condition of the patient worsens, thoracotomy is undertaken for attempted 
eardiorrhaphy. Thus, almost all patients with penetrating wounds of the 
heart, except those with relatively mild wounds, those who die soon after 
admission, or those in whom the diagnosis was not made, are treated by non- 
operative means. 
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Fig. 1.—Penetrating wounds of the heart. 


Among the fifty-seven patients with cardiac wounds, twenty-eight (49.1 
per cent) were treated by nonoperative means alone (Table I), and in four- 
teen (24.6 per cent) cardiorraphy was attempted. Approximately 50 per cent 
of the fifty-seven patients died. The mortality rate of the group treated by 
operative means was five times that of the nonoperative group (Fig. 1). It is 
true that the patients treated surgically were the ones with the most severe 
injuries requiring more aggressive measures. On the other hand, among the 
seven survivors in the operative group were four patients in whom thoracotomy 
revealed that exploration was unnecessary because the laceration had sealed 
off completely. Comparison of operative with nonoperative methods of treat- 
ment usually raises the question of whether or not patients treated without 
exploration actually had a penetrating eardiae wound in the first place. In all 
patients included in the nonoperative group, however, the diagnosis of 
penetrating injury to the heart was based upon characteristic clinical mani- 
festation and particularly the presence of incoagulable blood on pericardial 
aspiration. In most instances electrocardiograms were made and were helpful 
if evidence of myocardial injury was revealed. In spite of the objections 
which may be raised to the method of selection of patients for comparison, the 
striking difference in mortality cannot be disregarded. 
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TABLE I. MorTauity RATE IN Firry-SEVEN CASES OF PENETRATING WOUNDS OF THE HEART 
ACCORDING TO METHOD OF TREATMENT 

















DEATHS 
NO. CASES | PER CENT NUMBER PER CENT 
Pericardicentesis 28 49.1 3 10.7 
Cardiorrhaphy 14 24.6 7 50.0 
No treatment 15 26.3 7 46.7 
Total O7 100.0 17 29.9 





Fifty-two patients had lacerations or stab wounds of the heart, and five 
had gunshot wounds. Sixteen of the former and one of the latter group died. 
Presumably, most patients injured by gunfire who survive long enough to 
reach the hospital alive have relatively mild or grazing wounds inflicted by 
small-caliber weapons. 

Complications in the nonoperative cases have not been serious. Three 
patients had persistent pericardial effusion lasting two to three weeks, which 
finally subsided spontaneously. None of the patients developed chronic con- 
strictive pericarditis, although one patient treated by nonoperative means has 
had persistent, asymptomatic, mildly elevated venous pressure (160 mm. 
saline solution) two years later. Whereas pericardiectomy has been per- 
formed for posttraumatic chronic constrictive pericarditis in reported cases," * 7” 
26 it does not appear to be a sufficiently frequent complication to contra- 
indicate nonoperative management of ecardiae wounds. 


DISCUSSION 
The results of nonoperative treatment, particularly in patients in this 
series treated by pericardial aspiration and blood transfusion, appear to 
justify continuance of this method of treatment. Furthermore, a number of 
factors exist in most general hospitals which may render impractical routine 
exploratory thoracotomy and repair of the laceration. Such heroic surgical 
maneuvers require skilled personnel to prepare the operating room, give the 
anesthetic, and perform the operation. Such personnel are not always avail- 
able. Moreover, such injuries tend to appear on the busiest nights in the 
emergency room, and occasionally two patients with the same type of wound 
are admitted simultaneously. Thus, fortunately, not only is conservative 
management of penetrating wounds more convenient for the hospital per- 
sonnel but, more importantly, it appears to offer the patient the best possible 
chanee for survival in most instanees. Another important advantage of this 
method lies in its value in temporarily resuscitating even the most desperate 
‘ases and thus maintaining life until eardiorrhaphy could be performed should 
this prove necessary. Accordingly, we are in complete agreement with Ravitch 
and Blalock?? and Elkin'® in reeommending that initial treatment of penetrat- 
ing wounds of the heart should consist of nonoperative methods and that 
attempted eardiorrhaphy should be reserved for those patients whose response 
to this method of therapy is not maintained. 
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SUMMARY 


1. Experimental and clinical observations are presented to support th: 
advocacy of nonoperative treatment of cardiae wounds. 

2. In experimental pericardial tamponade relatively small reduction ii 
volume of pericardial fluid produces an immediate and strikingly favorabl: 
influence upon circulation. The vasoconstrictor drug, norepinephrine, als 
proved to have a favorable effect upon circulation through elevation of sys 
temic blood pressure. On the other hand, alternating positive pressure insu! 
flation of the lungs in the presence of pericardial tamponade produced an un 
favorable effect upon circulation. 

3. A standard type of cardiac injury was produced experimentally and 
revealed that death following such an injury occurred within the first thirty 
minutes in the majority of animals. 

4. An analysis is presented of a series of fifty-seven patients with penetra 
ting wounds of the heart between Jan. 1, 1951, and Oct. 31, 1954, during which 
period nonoperative management was used as the method of choice. Fifteen 
of the patients received no treatment with a mortality of 46.7 per cent. Among 
the remainder, fourteen were treated by exploratory thoracotomy and at- 
tempted cardiorrhaphy with a mortality of 50 per cent, and twenty-eight by 
nonoperative therapy with a mortality of 10.7 per cent. 

5. On the basis of these observations nonoperative management is recom- 
mended in all cases either as specific therapy or as preparatory measure to 
emergency thoracotomy in those patients in whom response to this method of 
treatment is not maintained. 
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STUDIES IN CORONARY OCCLUSION WITH PARTICULAR 
REFERENCE TO THE LACK OF EFFECT OF EXPERIMENTALLY 
PRODUCED MYOCARDIAL INFARCTION UPON 
EXERCISE TOLERANCE 


HARRY Siperys, M.D., Harris B. SHUMACKER, JR., M.D., AND 
ANGELO Ripert, M.D., INDIANAPOLIS, IND. 


(From the Department of Surgery, Indiana University School of Medicine) 


HE clinical importance of coronary artery disease and myocardial infare- 

tion has prompted, during the past twenty years, a number of experimental! 
studies aimed at the development of surgical techniques for increasing the eir- 
culation to the ischemic myocardium. Methods investigated have included 
grafting of omentum, skeletal muscle, and lung to the myocardium,’ the pro- 
duction of adhesions between the pericardium and the heart,* ligation of the 
great cardiae vein,® implantation of the internal mammary artery into the 
heart wall,® * and arteriolization of the coronary sinus.* 

The method most commonly used for evaluating the efficacy of these pro- 
cedures has been measurement of the protection they afford the experimental 
animal subjected to coronary artery ligation. That careful control studies are 
essential in such experiments is apparent from the wide variation in mortality 
following ligation of the anterior descending branch of the left coronary ar- 
tery. Miller® reported no deaths. Goldman,'® who ligated the artery ‘‘at a 
relatively high level,’’ had a 15 per cent mortality. Thompson" reported a 
50 per cent mortality following ligation of the artery 1 em. below its origin, 
and Vineberg,'? who ligated the artery at its point of origin, noted a 90 per 
cent mortality. In the largest series reported, Hahn and Beck*® found a 70 
per cent mortality in 100 dogs subjected to ligation of the artery at its origin. 
Additional methods for evaluation of revascularization procedures have in- 
cluded microscopic studies, injection of the coronary system with plastic ma- 
terials and clearance techniques, x-ray studies after injection of radiopaque 
material into the coronary arteries, study of the coronary circulation with 
fluorescein and radioactive erythrocytes,’* motion pictures for recording the 
ballooning out of the infarcted segment, efforts to estimate the extent of in- 
faretion by epicardial electrocardiography,'’ and measurement of pressure in 
and flow from the distal end of the divided coronary artery.” 

All these methods of study have in common the performance of a pro- 
cedure designed to increase the collateral circulation, followed by coronary 
artery ligation. They have provided much useful information. There ean be 
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no doubt, for example, that carefully controlled mortality studies yield valu- 
able data concerning the protection afforded by any given procedure against 
subsequent sudden interruption of arterial inflow into an important branch of 
the coronary artery. The clinical problem with which we are faced is, how- 
ever, somewhat different. It concerns the possible usefulness of any proposed 
method in increasing the blood supply to the heart and alleviating cardiac dys- 
function in the presence of well-established coronary artery disease and myo- 
eardial ischemia. For this reason it would be desirable if proposed methods 
of treatment could be evaluated in experimental animals following coronary 
artery ligation and the production of an infaret. 

The principal object of this study was to learn whether dogs with such 
experimentally produced myocardial infarction have an objectively mzasur- 
able decrease in exercise tolerance which would serve as a valid basis for 
evaluating the efficacy of procedures designed to bring about revascularization. 
Certainly limitation of capacity for physical activity is a striking feature of 
most cases of myocardial infarction and angina pectoris in man. This prob- 
lem has received little attention in experimental works. O’Shaughnessy' 
ligated the left anterior branch in two greyhounds and three months later 
ran them on their ‘‘usual course.’? He reported that they were more dis- 
tressed than usual by this activity. After ecardio-omentopexy, however, one 
dog was found to perform normally. Vineberg’® found that his control dogs 
could run from nine to twelve minutes on a horizontal treadmill at eight and 
one-half miles per hour. Three to four months after the left anterior descend- 
ing branch was wrapped with cellophane so as to cause severe constriction, 
the dogs tolerated such running for only two to four minutes. Some of these 
animals were then subjected to implantation of the internal mammary artery 
into the myocardium. Subsequently these animals could run on the treadmill 
for from six to eight minutes, while no improvement was noted in the re- 
mainder. Burchell,’7 on the other hand, stated that there was little or no 
evidence of eardiae disability in animals which had survived ligation of the 
anterior descending or circumflex branch of the left coronary artery. He used 
a treadmill inclined twenty-five degrees and ran his dogs at 4.5 miles per 
hour. Constricting collars were placed on the three main coronary arteries 
in two operations so as to decrease the diameter of the vessels from 35 to 60 
per cent. The animals which survived the first week apparently ran normally 
on the treadmill. In three dogs with their three main coronaries gradually 
but completely occluded, the exercise tolerance on the treadmill was again 
normal. These animals, however, did not show infarets on post-mortem study. 
Some animals were subjected to acute ligation of coronary arteries and were 
later shown to have large sears of the myocardium. The author mentioned 
that they seemed to be capable of normal activity but did not state whether 
they had been tested on the treadmill. 


METHOD OF STUDY 


Thirty healthy mongrel dogs weighing between 10 and 20 kilograms were 
trained to run on a horizontal treadmill until they ran quite willingly. and 
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without balking. Animals that would not cooperate were excluded from the 
study. Each dog was run at a uniform speed until he was obviously exhausted 
and the speed of the treadmill and duration of the physical effort were re 
eorded. Each of the dogs which survived coronary artery ligation was agail 
run on the treadmill at the same speed one month after operation. The eri 
teria for exhaustion included extreme tachypnea, cyanosis of the tongue, an 
obvious attempts to escape from the treadmill. It was obvious that this en: 
point was not as sharp as might have been desired. It was felt, however, tha‘ 
comparative data were valid in view of the fact that only cooperative, traine: 
animals were used and that all the training and testing were done by one indi 
vidual. 

The animals were operated upon under ether-oxygen anesthesia admin 
istered through an endotracheal tube by means of an intermittent insufflation 
apparatus following induction with intravenously administered thiopental so- 
dium. Following left lateral thoracotomy the heart was exposed through the 
fourth intereostal space. The left atrial appendage was gently retracted by 
means of a stay suture placed through its tip, and the bifurcation of the left 
coronary artery was dissected free. The anterior descending branch was di- 
vided at its origin between two fine silk ligatures. The pericardium was 
sutured together, and the chest was closed in layers with interrupted silk 
sutures. 


TABLE I. DATA CONCERNING ANIMALS WHICH DIED AFTER CORONARY ARTERY LIGATION 





ORIGIN OF SEPTAL BRANCH | 
FROM ANTERIOR DESCENDING 














APPROXIMATE INTERVAL ARTERY DISTAL TO POINT 
NUMBER OF ANIMAL BETWEEN LIGATION AND DEATH | OF DIVISION 
603 30 min. No 
604 24 hr. No 
607 24 hr. No 
609 30 min. No 
610 30 min. No 
612 30 min. No 
614 5 min. No 
620 12 hr. No 
622 24 hr. Yes 
625 9 hr. Yes 
628 4 days Yes 
631 24 hr. No 
634 3 min. No 
642 1 min. No 
658 24 hr. Yes 
660 24 hr. No 
662 24 hr. Yes 
668 10 days No 








Electrocardiographic studies were carried out pre- and postoperatively in 
a number of animals. All animals were subjected to post-mortem study. In 
each the location and extent of the infaret were noted and the proximal por- 
tion of the coronary artery was dissected free in order to verify the site of 
the ligation and to determine whether the septal branch arose from the an- 
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Number 

terior descending branch distal to the point of division. In some animals 
coronary artery injection studies with radiopaque material were performed. 
In others histologic studies of the infareted areas were made. 


RESULTS OF STUDY 


Mortality.—Of the thirty dogs operated upon, eighteen died in from one 
minute to ten days after ligation, an over-all mortality of 60 per cent (Table 
I). Sixteen of the eighteen dogs that died did not live as long as twenty-four 
hours. All those that survived longer than ten days remained healthy. They 
were sacrificed from thirty-one to seventy-one days after operation. 





Fig. 1.—Photograph of the anterior surface of a dog’s heart one month after ligation 
and division of the anterior descending branch of the left coronary artery. The area of in- 
farction can be seen to extend from just below the left auricle to the apex of the left ventricle. 
It involves the left ventricular wall for a distance of 2.5 cm. to the left of the interventricular 
septum. 


Post-mortem studies demonstrated that the anterior descending branch 
had been divided at the point of origin in all animals. In five, however, the 
septal coronary artery arose anomalously from the anterior descending branch, 
and consequently circulation to this vessel was interrupted in these five ex- 
ceptional eases. All five of these animals died. If these animals are excluded 
from consideration there remain twenty-five dogs with normal origin of the 
septal branch from the left main artery. Thirteen of these died, a mortality 
of 52 per cent. 


A large infaret involving the anterior surface of the left ventricle was 
present in every animal (Figs. 1 and 2). No infaret was smaller than 2.5 by 
4 em. in size. Sections from the ischemic portion of the ventricular wall 
showed changes typical of myocardial infarction (Fig. 3). Roentgenograms 
of specimens in which the coronary ostia were injected by the technique of 
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Schlesinger’® outlined the entire coronary tree (Fig. 4), and demonstrated 
that the anterior descending branch had been severed at its point of origin 
and that the infarcted area had sparse blood supply compared with the re- 
mainder of the heart. They also showed that the left anterior descending 
branch remains patent and fills by retrograde flow through collateral channels. 


TABLE II. EXERCISE TOLERANCE BEFORE AND AFTER CORONARY ARTERY LIGATION 























TIME ON TREADMILL 
PREOPERATIVE POSTOPERATIVE 
NUMBER OF DURATION IN DURATION IN 
DOG ;| SPEED IN M.P.H. MINUTES SPEED IN M.P.H. MINUTES 
608 3 80 3 65 
615 4 75 4 65 
617 4 85 4 90 
621 5 40 5 35 
635 4 25 4 28 
638 6 45 6 42 
639 4 50 4 56 
650 4 45 4 40 
651 6 20 6 17 
661 6 25 6 28 
666 9 23 9 20 
667 9 26 9 28 











Fig. 3.—Photomicrograph of a section through the infarcted area showing replacement 
of heart muscle by fibrous tissue and considerable white-cell infiltration. This animal (668) 
died ten days after ligation. < 


Exercise Tolerance Studies—The data concerning pre- and postoperative 
tolerance studies are presented in Table II. No significant difference was 
noted between the preoperative tolerance as measured by treadmill studies 
and that observed one month after ligation of the coronary artery. Seven 
dogs performed better before ligation, although the differences were rather 
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insignificant. The maximal difference noted was in Animal 608, whose ¢a- 
pacity decreased 19 per cent. On the other hand, five animals performed 
slightly better during the postoperative test. The maximal increase was noted 
in Dog 639, the performance of which was 12 per cent better than in the pre- 
operative test. Altogether it is apparent that no significant difference was 
noted between the tests carried out before operation and one month later. 





Fig. 4.—Radiograms of dog’s heart injected and cut by technique of Schlesinger. A, 
Normal heart. The right coronary is easily seen on the right, while the circumflex and anterior 
descending branches of the left coronary are seen on the left. These injection studies do not 
show well the left main coronary artery or its septal branch. The septum is shown below. 
B, Injection studies one month after coronary ligation and division. Easily seen are the 
radiolucent area of the left ventricular wall, which represents the area of infarction, and 
the interruption of the anterior descending branch at its origin. Collateral communications 
to the distal branches of the anterior descending artery are seen arising mostly from 
branches of the circumflex artery. 





Electrocardiographic Studies——Four of the surviving dogs had preopera- 
tive and repeated postoperative electrocardiographiec studies until they were 
exercised one month postligation, The control tracings were variable but 
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followed the pattern described by other investigators. The S-T segments were 
normal. The Q waves were small, except in one case where the Q wave was 
as deep as the R wave was tall. R waves were constantly present and tall in 
both standard and precordial leads. After occlusion of the anterior branch 
of the left coronary artery the S-T segment assumed its characteristic pattern 
of injury deflection in the standard and precordial leads but returned to iso- 
electric levels in the standard leads within twenty-four hours. In the left 
precordial leads S-T elevation persisted in two of the four dogs for as long 
as four weeks postoperatively. More significant, however, was the finding, in 
all four cases, of deep QS waves in Lead I and in the left precordial leads after 
the first day. These changes lasted at least four weeks (Fig. 5). 


DISCUSSION 


The mortality rate noted in this study was somewhat lower than that 
reported by some investigators and considerably higher than that reported by 
others. Eighteen of thirty dogs died, an over-all mortality of 60 per cent. 
Sixteen of the eighteen dogs that died did not survive as long as twenty-four 
hours. Vineberg’® and Hahn and Beck’ have emphasized the importance of the 
level of ligation of the anterior descending branch with regard to the mortality. 
In the dog, the interventricular septum receives its blood supply in large 
measure from a septal artery which normally arises from the left coronary 
artery near its point of bifureation.2° Occasionally the septal artery originates 
from the proximal portion of the anterior descending branch, and hence blood 
flow to this important vessel is interrupted by division of the anterior de- 
scending artery at its point of origin. This anomaly was noted in five of our 
thirty animals, and death occurred in all five. It is suggested that careful 
dissection, such as was done in this investigation, be carried out in all studies 
of this sort in order better to evaluate mortality figures. If the five animals 
with anomalous origin of the septal artery were eliminated from considera- 
tion, the mortality in the present study would be 52 per cent. 

In all surviving animals post-mortem studies established the presence of a 
large anterior myocardial infarction. Whenever injection studies were ear- 
ried out it was demonstrated that the anterior descending branch distal to 
the point of division remained patent through tiny collateral channels. ‘Such 
retrograde circulation into this vessel, however, did not provide sufficient cir- 
culation to prevent massive infarction. 

Electroeardiographie studies of dogs with myocardial infarets have been 
conducted for some time, but the diagnostic electrocardiographiec features of 
infaretion with the usual leads have not been clearly outlined. This is espe- 
cially true of long-term studies. Smith?! placed great emphasis on T-wave 
changes and stated that all his dogs with anterior infarets showed early, 
peaked T waves which became markedly negative in twenty-four hours and 
then slowly returned to normal in from two to four days. Other workers, 
however, reject T-wave changes as a diagnostic feature. Barnes*? obtained 
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sharp, deep inversion of the T waves with incision of the pericardium and 
manipulation of the heart alone. Harris and Hussey** emphasized the ex- 
treme variability of the T waves in control animals, although Peterson** found 
that when he laid normal beagle dogs supine rather than on their side the T 
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Fig. 5.—A and B, Electrocardiographic studies in dog with ligation and division of the anterior 
descending branch at its origin. 
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waves were no longer variable. Most workers noted the presence of a low- 
voltage R wave in Lead I, sometimes preceded by small Q waves, but although 
they found that this alteration persisted for weeks, did not regard it as a 
diagnostic feature.’ *° Wilson? stated that the R wave is often absent in 
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Lead I in eases of large infarcts of the left ventricle. RS-T modification has 
been thought the most valuable sign of myocardial injury.” ** *° 27 This 
rarely occurs in normal dogs,?* and manipulation of the heart without coro- 
nary occlusion does not affect the RS-T wave.?? Unlike the other workers, 
Wood and Wolferth?’ did not find S-T deviations in the standard leads in 
coronary occlusion, but rather in the chest leads. These authors studied only 
the immediate effects of coronary occlusion. All authors who followed their 
animals for some time?* ** ?° found that these S-T changes reverted to normal 
in twenty-four hours. It is apparent from the literature that the only electro- 
cardiographie findings on standard leads that persist twenty-four hours after 
coronary occlusion are the low-voltage R waves occasionally accompanied by 
Q waves in Lead I. These are not diagnostic features. 

Epicardial leads have been used successfully by Wilson®* *° and Gold- 
man’? in dogs to demonstrate electrocardiographie evidence of long-term in- 
farets. When the lead was placed on the heart directly over a through-and- 
through infarct an intracavity type of deflection called a QS deflection was 
obtained. Wilson** *° studied two dogs with precordial leads with infarction 
of the entire thickness of the left ventricular wall of more than one day’s 
duration. One dog was subjected to ligation of the left anterior branch of 
the left coronary artery four days before. His left precordial leads showed 
the intracavity-type deflection found in the epicardial leads directly over the 
infaret and was considered to be characteristic of myocardial infarction. The 
other dog was similarly studied seventy-eight days after ligation of the same 
artery, and in this case the left precordial leads were not considered char- 
acteristic of myocardial infarction. Other studies of precordial leads in long- 
term experimental myocardial infarction were not found in the literature. 

In the four animals in which repeated electrocardiographie alterations 
indicative of myocardial infarction were noted, the initial S-T segment changes 
which have been noted by others occurred regularly but disappeared within 
twenty-four hours. In addition, however, S-T segment elevation persisted in 
the left precordial leads for as long as four weeks after operation in two of 
four dogs. In all of them deep QS waves in Lead I and in the left precordial 
leads were observed after the first day and they lasted during the four weeks 
of observation. 

It was disappointing to learn that no constant and significant decrease in 
exercise tolerance follows the experimental production of large myocardial 
infarets. It had been hoped that a measurable exercise intolerance would ae- 
company the presence of such infarets. Had such proved to be the case one 
might have utilized measurements of this sort in testing the efficacy of various 
operative procedures aimed at myocardial revascularization. One might then 
have studied the potential value of such procedures when applied after, rather 
than before, coronary artery ligation. Even under such circumstances one 
would have failed to reproduce one essential feature of the problem in man, 
namely, the presence of disease in other portions of the coronary tree. Our 
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failure to demonstrate a decrease in exercise tolerance capacity in animals 
with established myocardial infarction and thus to provide a different ap- 
proach for evaluation of procedures aimed at increasing myocardial cireula- 
tion leaves us at the moment with the necessity for utilizing the conventional 
methods according to which coronary artery ligation is carried out after, 
rather than before, the corrective procedure itself. Even though these methods 
do not precisely simulate the situation in which they might be used in man, 
they do, nevertheless, provide valuable information concerning their effect 
upon myocardial circulation. In the final analysis the value of any proposed 
surgical aids must of necessity be established or refuted by carefully con- 
trolled observations in man. 
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BILE DRAINAGE AFTER CHOLEDOCHOSTOMY IN MAN, WITH 
SOME OBSERVATIONS ON BILIARY FISTULA* 


F. F. Runpie, M.D., M. H. Cass, M.B.,** B. Rosson, B.Sc., AND 
MarGaret Mippieton, B.Sc., SYDNEY, AUSTRALIA 


(From The Unit of Clinical Investigation, Royal North Shore Hospital) 


N THIS paper we present measurements of the volumes of bile drained 

from a choledochostomy in man. Although the secretion of bile has fre- 
quently been studied in the experimental animal, we have not been able to 
find reference to any systematic observations on human bile flow. 

In their classical experimental studies, MeMaster, Broun, and Rous’ 
(1923) established biliary fistulas in dogs and observed the effect of the 
operation and of exercise, hot weather, the relief of obstruction, and other 
normal and pathologic influences on the total daily bile flow. It is possible 
to keep a bile fistula dog in normal health for months or years if careful at- 
tention is paid to the diet (Hawkins and Whipple,? 1935 and 1938). Such 
bile fistula dogs have been used in quantitative studies of the effect of 
cholagogues and of the relationship between hemoglobin breakdown and bile 
pigment excretion. 

With’ (1945) collected data on bilirubin concentration of the bile and 
the daily bilirubin output in man. In nineteen of his thirty-five patients the 
data are satisfactorily for caleulating the volume of bile drained, and the 
results are considered with our own. 


METHODS 


Data were collected after twenty-seven operations for choledochostomy, 
involving twenty-five patients (two having two operations). The diagnoses 
were cholelithiasis in twenty, hepatic cirrhosis in two, carcinoma of the pan- 
creas in two, and chronie pancreatitis in one. Before their operations, many 
of the patients suffered from varying degrees of jaundice, cholangitis, and 
liver damage or dysfunction. 

Only one patient, suffering from cirrhosis, was left with a normal gall 
bladder during the period of drainage. In all the others it was removed at 
surgery or was so involved in carcinoma or inflammatory fibrosis as to be 
functionless. Thus the volumes of bile drained directly correspond with 
hepatic secretion. The factors of concentration in, and emptying of, the gall 
bladder can be eliminated. 

Toward the end of operation in each case the bile duct was drained. In 
twelve of the operations a latex rubber T tube was used; in fifteen others a 
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cuffed (Foley) catheter was passed up toward the porta hepatis. Inflation 
of the cuff ensured that all the bile formed drained externally. It was col- 
lected in a graduated bottle beneath the patient’s bed and measured in six- 
hour periods. In all of With’s’ (1945) patients T-tube drainage of the com- 
mon duct was used. 

Drainage of the common duct after choledochostomy is widely accepted 
practice. It is not our purpose to discuss here the pros and cons of common 
duet drainage, but it may be emphasized that, by and large, strictures of 
the common duct come not from the irritation of T-shaped or other drainage 
tubes but from surgical mishaps. 

In draining the common duct it is important to suture the side opening 
in its wall snugly round the drainage tube; otherwise leakage and loss of 
bile into the peritoneum or dressings will result. Further, a redundant loop 
of tube should be left inside the abdomen to prevent undue traction on it 
when the abdominal parietes contract, as in coughing after operation. Neglect 
of this precaution may result in the tube being pulled out from the duct. 


RESULTS 

Average Bile Loss After Choledochostomy.—F ig. 1 shows the data from 
the twenty-seven patients. Each point represents the average volume from 
eleven or more patients on the postoperative day concerned. The curve 
begins at about 250 e.c. daily and rises gradually to about 500 e.c., fifteen 
days after operation. The twenty-four-hour drainage ranged from 20 to 
1,060 ¢.c. The average volume from the tenth day onward, when the flow leveled 
off, was 478 + 186 ¢.c. per twenty-four hours. In some patients observations 
were continued for four to five weeks, but the number of data available on 
any one day fell off rapidly after the fifteenth day and therefore the ‘‘aver- 
age’’ curve was discontinued at this point. However, the available figures 
suggest that the general level of flow remains sensibly unchanged afterward. 

A moment’s reflection will tell us that the true volume of bile secreted 
in health cannot be measured. In fact the bile normally mixes with the food. 
Also, its secretion is stimulated by the cholagogie action of the bile salts ab- 
sorbed from the gut into the enterohepatic circulation. In our patients the 
bile drained externally. Thus the important enterohepatic circulation was 
interrupted. Also, all the patients had some disease of the biliary tree or 
liver before operation, and complete recovery during the relatively short 
period of drainage could not usually be expected. On the other hand, the 
irritant effect of the tube in the common duct and of the low-grade infection 
constantly associated with its presence may tend to increase the flow. Thus 
the average figure of 478 + 186 ¢.c. can only approximate roughly the true 
normal daily bile flow in man. 

Long-term physiologic experiments were not possible in these patients. 
However, we were able to compare the volume of bile drained 6 a.m.—6 P.M. 
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DAYS AFTER OPERATION 


Fig. 1.—Average daily bile flow following choledochostomy in man. Each black disk is the 
average volume drained in the twenty-four-hour period concerned. 
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Fig. 2.—Comparison of bile drained via a T tube and a cuffed catheter inserted in the common 
bile duct following choledochostomy in man. 
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with the volume drained 6 P.mM.—6 A.M. in twenty-one patients (327 pairs of 
observations), the respective means being 216 e.c. and 222 ¢.e. with large 
standard deviations. 

Thus no evidence was obtained that the diurnal secretion of bile was 
greater than the nocturnal secretion. Of course, with contraction of the gall 
bladder after meals, the flow of bile into the duodenum will increase greatly, 
but our data suggest that in man the liver must secrete bile at virtually con- 
stant rate. No observations have been made on the effect of reintroducing 
bile into the alimentary tract, the ingestion of food of various types, or of 
cholagogie drugs on bile flow. 

Comparison of Losses Through Cuffed Catheter and T Tube.—Fig. 2 com- 
pares the bile collected using a T tube in the common duct on the one hand 
and a euffed catheter on the other. There was no selection of patients for 
the two types of drainage, except that some narrow ducts would not ac- 
commodate a cuffed catheter but would take a T tube. Hence there might 
have been bias toward using T tubes with undilated ducts. A priori it might 
be supposed that passage of bile through and round the horizontal limb of 
a T tube would allow appreciable quantities of bile to escape into the duo- 
denum. However, our data show that the average drainage from a T tube 
is not less than that from a cuffed catheter. This result is surprising but is 
supported by With’s? (1945) findings, which have also been plotted in Fig. 


») 


It seems probable, therefore, that if the vertical limb of a T tube is kept 
patent, the pressure within the bile passages does not rise sufficiently to over- 
come the natural tone of the sphincter of Oddi. Thus virtually all the bile 
formed drains externally. 

The completeness or otherwise of external biliary drainage may be as- 
certained by estimating the bilirubin content in material aspirated via a tube 
whose tip is in the second part of the duodenum or by analyzing the feces for 
urobilin. Sixteen twenty-four-hour specimens of duodenal aspirate have been 
analyzed from four patients with T-tube drains in the common duet. Bilirubin 
was absent from twelve and present in negligible concentration (less than 
0.6 mg. per cent) in the remaining four. Of course, kinking or blocking of 
the vertical limb of the T tube may quickly result in loss of bile into the 
duodenum. 

Drainage From a Biliary Fistula—Just as an unimpeded T tube drains 
virtually all the bile being formed, so almost total loss of bile will occur from 
a fistula provided the track is widely patent. Moreover, even when virtually 
total drainage persists for long periods, a residual caleulus or other obstrue- 
tion at the lower end of the duet need not be postulated. 

For example, the patient whose data are shown in Fig. 3 lost all his bile 
through a tube or fistula for nine weeks. At a first operation the gall bladder 
had been excised and a few small stones had been removed from the common 











ee BILE DRAINAGE AFTER CHOLEDOCHOSTOMY 907 
duet. He drained bile copiously afterward and developed severe constitu- 
tional symptoms from electrolyte deficiency. 'The cause of his deterioration 
was misapprehended and a second operation was thought necessary. The 
common duct was therefore re-explored and a drain was inserted. This was 
removed on the tenth day. In the meantime his electrolyte upset had been 
recognized and corrected. But bile in amounts 500 to 600 ¢.c. daily con- 
tinued to be lost through the wound. He was then transferred to our Unit 
for treatment of the fistula. No satisfactory cholangiogram could be made 
along the track but, as shown in Fig. 3, the fistula suddenly closed thirty- 
two days after removal of the drain. [Follow-up eighteen months later 
showed that it had remained healed and that the patient was enjoying ex- 
cellent health. 
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Fig. 3.—The effect of closure of a biliary fistula upon the caloric intake and body weight. 


His data also illustrate well the adverse effect of a biliary fistula on the 
general nutritional status. Through the operation he had lost much weight, 
and despite every encouragement to eat he failed to gain. On the fifty-eighth 
day he was fed back bile with his meals. Curiously, it was after only a few 
days of this regime that his fistula closed completely. From then on there 
was a rapid gain in body weight, averaging one pound daily. Of course, in 
such patients, when bile is dripped in through a duodenal tube during and 
after meals, there are great improvement in appetite, digestion, and absorp- 
tion, and a general feeling of well-being. Such reintroduction of bile into the 
alimentary tract is undoubtedly an important preparatory measure when 
operation for cure of a fistula is contemplated. 

Clinical experience shows that contracting scar tissue or debris will 
eventually block the fistulous track. The head of pressure in the bile then 
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rises and it escapes through its natural outlet into the duodenum. but if 
this outlet is obstructed, for example, by an overlooked calculus, recurrent 
chills, fever, and jaundice result, since fistula bile is invariably infected. 
Increased Flow From Dilated Duct System.—In Fig. 4 the twenty-seven 
operations have been divided into two groups, those at which the common 
bile ducts were grossly dilated and others. The average volumes drained 
are clearly greater from the dilated ducts. The explanation for this in- 
creased flow, where the duct system is dilated, is obscure. Bile pent up in the 
ducts must eseape in the first few hours after the insertion of the drain and 
would not account for the persistently greater flow, which in some patients 
only reaches its maximum forty-eight to seventy-two hours postoperatively. 
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others. 


It is possible that in certain types of biliary obstruction, free external 
drainage results in a release type of postoperative curve, the daily volume 
rising to high levels (of the order of 800 to 900 ¢.c.) before settling to the 
more usual level. This type of curve has been seen in four patients, suggest- 
ing that relief of obstruction may overshadow the depressing effect of opera- 
tion on the secretory function of the liver. It is noteworthy that in several 
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of McMaster, Broun, and Rous’s dogs, the fistula was temporarily obstructed 
and, upon relief of the obstruction, there was a considerable transient in- 
crease in bile flow. 

There is another possible factor. Where the duct system is dilated, the 
area of the lining epithelial surface is greatly increased. Undoubtedly the 
lining membrane of the biliary passages can manufacture a small quantity 
of clear secretion. However, this does not appear to be a sufficient explana- 
tion for the increased volume flow in patients with dilated ducts. 

The volume differences shown in Fig. 4 are of clinical importance even 
if we cannot explain them adequately, because the volume of bile drained in 
the patient with a fistula or T tube governs the weight of electrolyte lost 
from the body. As the volume drained daily may vary from 25 to 1,000 c.c., 
it is essential that the loss be measured, if restoration of fluid and electrolyte 
is to approximate the patient’s requirement. A simple method of collecting 
the bile escaping from a fistula, and the serious consequences of failure to 
compensate for the resulting electrolyte loss, have been fully described else- 
where (Cass, Rundle, and Robson, 1955‘). 


DISCUSSION 


It has been established that immediately after choledochostomy in man 
the secretion of bile is reduced by approximately one-half. During the fol- 
lowing ten to twelve days, there is gradual recovery to a steady ‘‘normal’’ 
level of secretion. This is similar te the findings of McMaster and associates 
(1923) in dogs that during the first few days after establishing a biliary 
fistula, bile flow was scanty. Between three and seven days, it increased to 
an approximately normal level. 

Like McMaster and co-workers we have found that this recovery of bile 
flow oceurs independently of food intake. Thus the curve of increase was 
found to assume its usual shape in several patients who were maintained for 
prolonged periods on intravenous therapy. 

Because their dogs were generally so fit forty-eight hours postoperatively, 
MeMaster and associates ascribed the scanty postoperative flow to local fac- 
tors, especially trauma of the duets, rather than to general influences. How- 
ever, it seems to us more likely that the reduced postoperative output results 
from a true functional depression of the liver. We have, in fact, evidence 
suggestive of depressed bile flow after one other major upper abdominal 
operation. Thus, in patients undergoing gastric resection, analysis of mate- 
rial aspirated from the gastric remnant postoperatively shows bilirubin to 
be absent, or present in only very low concentration, for thirty-six to seventy- 
two hours. Thereafter the concentration rapidly rises to 20 mg. per cent or 
more. Prolonged exposure of the liver to air at room temperature, intra- 
abdominal manipulations, including handling and retraction of the liver, and 
the impact of anesthetic agents might be factors in such depression of fune- 
tion. 
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SUMMARY 


1. The secretion of bile immediately after choledochostomy in man is 
considerably depressed and recovery occurs only gradually during the first 
one to two weeks after operation. 

2. Drainage of bile through a T tube in the common duct is virtually 
complete provided its vertical limb remains unobstructed. 

3. Dilatation of the duct system at operation is associated with an in- 
crease in daily flow of bile drained. 

4. The hepatic secretion of bile is continuous and not subject to diurnal 
variations. 

5. Virtually total loss of bile through a biliary ‘fistula may persist for 
long periods in the absence of obstruction at the lower end of the common 
duet. 
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STUDIES ON PANCREATITIS 
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UTOPSY studies show that extensive capillary and venous thromboses'* 

are the most consistently demonstrable vascular lesions, in human acute 
pancreatic necrosis. However, the pathogenesis of these lesions still remains 
obseure although recent experimental work indicates that suppression of pan- 
ereatic blood flow may be an important primary factor in precipitating the 
necrotizing form of the disease.*?7 The studies described herein demonstrate 
an experimental method of producing both acute interstitial pancreatitis and 
acute hemorrhagic pancreatic necrosis by means of the Arthus sensitization 
reaction. It will be shown that the type of pancreatitis produced is dependent 
on the degree of sensitization of the animal, and that the occurrence of the 
necrotic form of the experimental disease is associated with the development 
of extensive small vessel thrombosis. 


MATERIALS AND METHODS 


Animals.—Rabbits were used throughout these experiments because of the 
ease with which the Arthus reaction ean be elicited in this species. The rabbits 
were market-bought 2- to 3-kilogram animals of both sexes and mixed breeds. 
The dogs were 5- to 8-kilogram mongrels of both sexes. 

Ovalbumin.—The preparation used was albumin, egg (powder), supplied 
by General Chemical Company, New York. 

Sensitization Procedure.—Rabbits were given an initial dose of 1 Gm. of 
albumin suspended in 20 ¢.e. saline solution intravenously. Thereafter, 200 mg. 
was given subcutaneously at five-day intervals. Intradermal skin testing with 
10 mg. of albumin after about five or six weeks produced a gangrenous reaction 
in the majority of animals. 


PREPARATION OF THE ANTIGEN FOR INTRADUCTAL INJECTION 


Injection.—A 1 per cent solution of egg albumin was made in 0.9 per cent 
saline solution and its pH adjusted to 7.5 to 8.0 with 0.85 per cent NaOH. 
The solution was then centrifuged at high speed for thirty minutes and the 
supernatant removed and stored under sterile conditions using 1:1,000 Merthio- 
late as preservative. This stock solution, which on actual testing showed 0.6 
Gm. protein per 100 ¢.c., was used for all intraductal injections. 

This study was supported by United States Public Health Service Grant H-1902. 
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Intraductal Injection —A constant pressure injection apparatus consisting 
of a 3-liter pressure bottle connected to a manometer and a small graduated fluid 
reservoir was used to deliver a known amount of fluid at constant pressure. 
The details of ductal cannulization in the rabbit were described in a previous 
paper.® 





Sections.—Sections were fixed in formalin and stained by the hematoxylin 
and eosin method. 





Fig. 1.—Rabbit No. 14. Showing extensive necrosis of pancreatic tissue and scattered foci of 
fat necrosis. 


EXPERIMENTAL 


1. The Production of Acute Interstitial Pancreatitis in Moderately Sensi- 
tized Animals.—Twelve animals were sensitized by the standard method de- 
scribed previously. By the fourth week the injection of 10 mg. of ovalbumin 
intradermally generally produced an acute inflammatory reaction marked 
grossly by redness and swelling without necrosis. One week after the dermal 
inflammatory reaction had subsided, a laparotomy was performed under Nem- 
butal anesthesia and 0.5 ¢.e. of the standard albumin antigen was injected into 
the pancreatie duct of eight of the rabbits at a pressure of 20 mm. Hg. The 
remaining four rabbits were used as controls and received heat-denatured oval- 
bumin. The duct was then ligated and the abdominal incision closed. The rab- 
bits recovered rapidly from anesthesia and appeared active and in good health 
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until sacrificed forty-eight hours after intraductal injection. At autopsy, the 
pancreas appeared moderately edematous; there was no hemorrhage, fat necro- 
sis, or accumulation of ascitic fluid. Microscopically, there was diffuse inter- 
stitial edema and extensive polymorph infiltration without necrosis of acinar 
cells. In some areas there was marked swelling and increased eosinophilia of 
collagen fibers. 

Hemorrhage was uniformly absent, although punctate areas of fat necrosis 
were occasionally seen. The four contro] animals showed ductal dilation and 
mild interstitial infiltration by polymorph leukocytes, which in no ease ap- 
proached the severity of the interstitial reaction in the animals receiving un- 
heated albumin. 


2. The Production of Acute Hemorrhagic Pancreatic Necrosis in Highly 
Sensitized Animals.—Sensitization in this group of twelve rabbits was carried 
on for five to eight weeks until the intradermal injection of 0.5 ¢.c. of the stand- 
ard ovalbumin solution resulted in the classical gangrenous necrosis of the fully 
developed Arthus reaction. One week later an injection of 0.5 ¢.e. ovalbumin 
solution was made into the pancreatic duct of eight animals at a pressure of 
20 mm. Hg. Four control animals received heat-denatured ovalbumin. The 
results are summarized in Table I, whence it will be seen that one rabbit died 
at eighteen hours, one at thirty hours, and one at thirty-six hours. The re- 
mainder were sacrificed at forty-eight hours. At autopsy, seven of these eight 
animals showed extensive miliary areas of fat necrosis and large 2 to 8 mm. 
areas where the normal finely reticular structure of the pancreas was trans- 
formed into a structureless swollen coagulum (Fig. 1). Hemorrhage was grossly 
evident in only four animals. 





Microscopically, there were segmental areas of massive pancreatic necrosis 
(Fig. 2). These areas were composed of a large central zone where the lobules 
of acinar tissue, ducts, and blood vessels showed only the eosinophilic ghosts of 
their former structure. It is noteworthy that in these areas of maximal destruc- 
tion the small veins appeared to be completely occluded by laminated thrombus. 
At the periphery of the necrotic areas the pancreatic acini were separated by 
an extensive infiltration of polymorph leukocytes, many of which were advanced 
stages of necrobiosis. In this peripheral zone, capillaries and venules, com- 
pletely occluded by hyalin thrombus, were commonly seen (Fig. 3). The walls 
of these vessels occasionally showed areas of necrosis and infiltration by leuko- 
cytes. Throughout the sections there was prominent eosinophilic swelling of 
collagenous tissue and perivascular deposition of fibrinoid material. 

These thrombotic vascular lesions were similar to those previously described 
by Opie® in the fully developed gangrenous dermal Arthus reaction. Pancreatic 
necrosis regularly occurred in zones where the majority of small vessels showed 
thrombotic occlusion and, conversely, in the relatively less involved parts of 
the panereas thrombotic lesions were uniformly absent, and leukocytie in- 
filtration was quite prominent. 
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TABLE I. 


BIT 
NO. 
13 


14 


18 


19 


20 


| 
| 
| 
| 
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TO OVALBUMIN* 





SUBSTANCE 
INJECTED 
Ovalbumin 
0.5 ¢.e. 


Ovalbumin 
0.5 ¢.¢. 


Ovalbumin 
0.5 ©.e. 


Ovalbumin 
0.5 ¢.c. 


Ovalbumin 
0.5 ¢.e. 


Ovalbumin 
0.5 ee. 


Ovalbumin 


0.5 ¢.c. 


Ovalbumin 
0.5 @.e. 


Heat-dena- 
tured oval- 
bumin 
0.5 @.e. 

Heat-dena- 
tured oval- 
bumin 
0.5 ¢.¢. 

Heat-dena- 
tured oval- 
bumin 
0.5 ¢.e, 

Heat-dena- 
tured oval- 
bumin 
0.5 ¢.e, 


a a 


DURATION OF 
LIFE AFTER 
INTRA- 
DUCTAL 
INJECTION 


36 hr. 


Sacrificed 
at 48 hr. 


Sacrificed 
at 48 hr. 


Sacrificed 
at 30 hr. 
Sacrificed 
at 48 hr. 
Sacrificed 


at 48 hr. 


Sacrificed 
at 48 hr. 


Sacrificed 
at 48 hr. 


Sacrificed 
at 48 hr. 


Sacrificed 
at 48 hr. 


Sacrificed 
at 48 hr. 


AUTOPSY FINDINGS 





GROSS 


~ Minimal fat necrosis; marked 


edema and small areas of 
pancreatic necrosis 
Extensive fat necrosis, 2-8 
mm, areas of pancreatic 
necrosis; slight hemorrhage 


Extensive fat necrosis, large 
areas of pancreatic necro- 
sis; no hemorrhage 

Pancreatic edema; no necro- 
sis; no hemorrhage 


Foeal fat necrosis, multiple 
2-4 mm. areas of pancreatic 
necrosis and surrounding 
hemorrhage 

Extensive fat necrosis, large 
areas of pancreatic necro- 
sis; no hemorrhage 

Focal fat necrosis, multiple 
2-4 mm. areas of pancre- 
atic necrosis; moderate 
surrounding hemorrhage 

Seanty fat necrosis single 
0.5 mm. area of pancreatic 
necrosis and hemorrhage 


-ancreatic edema; no necro- 
sis, no hemorrhage 


-ancreatic edema; no necro- 
sis, no hemorrhage 


-~ancreatic edema; no necro- 
sis, no hemorrhage 


Pancreatic edema; no necro- 
sis, no hemorrhage 





25 mm, 
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THE PRODUCTION OF ACUTE PANCREATIC NECROSIS IN RABBITS HIGHLY SENSITIZED 


MICROSCOPIC 


Focal coagulation necrosis 
with surrounding polymorph 
reaction; marked edema 

Extensive coagulation necrosis 
of large areas; prominent 
thrombotic lesion and 
polymorph reaction 

Similar to No. 14 


Marked interstitial polymorph 
reaction; no parenchymal 
necrosis 

Focal areas of coagulation 
necrosis with surrounding 
polymorph reaction 


Similar to No. 14 


Small areas of coagulation 
necrosis with surrounding 
hemorrhage 


Large area of complete coag 
ulation necrosis with promi 
nent thrombotic occlusion 
of related veins and capil 
laries 

Mild interstitial pancreatitis; 
moderate ductular dilata- 
tion 


Mild interstitial pancreatitis; 
moderate ductular dilata- 
tion 


Mild interstitial pancreatitis; 
moderate ductular dilata- 
tion 


Mild interstitial pancreatitis ; 
moderate ductular dilata- 
tion 


*All injections into the pancreatic duct were made at pressures ranging between 20 and 


Hg. 


At the conclusion of the injection the pancreatic duct 


was ligated. 


In the eontrol animals receiving heat-denatured albumin there were no 


deaths, and when the animals were sacrificed at forty-eight hours the pancreas 


appeared slightly edematous. 


Microscopically, there was slight 


interstitial 


edema, ductular dilatation, and slight polymorph infiltration without necrosis 
of parenchymal eells or vascular thromboses. 
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Fig. 2.—Rabbit No. 14. Low-power view of parenchymal and fat necrosis with peripheral 
polymorph reaction. 





Fig. 3.—Hyaline thrombosis and polymorph reaction in small vessel at the margin of an 
area of coagulation necrosis. 
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DISCUSSION 


The studies described herein demonstrate that pancreatitis may be regularly 
produced in animals suitably sensitized to a foreign protein. The lesion is, in 
effect, a local manifestation of the Arthus reaction and has certain features 
which may be important in the understanding of the naturally occurring disease. 

-articular attention was paid to careful control of injection pressure dur- 
ing these experiments and in no instance did the pressure exceed 25 mm. of 
mereury. The quantity of antigen needed to produce a great response in a 
highly sensitized animal is minute, and it is conceivable that such small amounts 
of albumin might gain access to the interstitial tissue by direct diffusion across 
the basement membrane between adjacent ductular or acinar cells. These pan- 
creatie Arthus phenomena offer interesting parallels in the field of human pan- 
creatitis, where the two common forms of the disease, the interstitial and the 
necrotic, differ among other things in the uniform absence of thrombotic lesions 
in the former type and their frequent presence in the latter. That these throm- 
botie lesions are, in all probability, the factor responsible for conversion of the 
inflammatory reaction to the necrotic one is suggested by the ameliorating effect 
of heparin on the dermal necrosis of the fully developed Arthus reaction, as 
shown by Gregoire. Moreover, in the present experiments the areas of pa- 
renchymal necrosis were consistently related to thrombosed vessels, whereas 
these vascular lesions were conspicuously absent from areas showing a pre- 
dominantly interstitial reaction in the same pancreas. The morphologic picture 
of this form of pancreatic necrosis resembles that of the human disease in many 
respects. There are large areas of complete coagulation necrosis of pancreatic 
parenchyma and blood vessels, and focal areas of fat necrosis. The indis- 
criminate and random necrosis of the panereas and the sharp line of demarcation 
between necrotic and viable tissue are quite characteristic of both the experi- 
mental and the human disease. The Arthus lesion differs from the majority of 
human eases in the intensity of the cellular reaction at the periphery of the 
lesion and the frequent deposition of fibrinoid material in this area. It is also 
of interest that the capillary and venular thromboses found at the periphery 
of the experimental lesion are quite similar to those first observed by Opie® at 
the boundary of viable and necrotic pancreatic tissue in human autopsy eases. 

Whether allergy plays any part in the pathogenesis of the human disease is 
quite unknown at the present time, although clinical observations suggesting 
food allergy as a causative mechanism are reported by Shaffer? The data 
reported, however, are not conclusive. Hypothetically, the possibility also exists 
of sensitization to bacteria or bacterial products. However, the only well- 
documented case where an antigen-antibody reaction may be directly implicated 
is Ackerman’s' report of acute hemorrhagic pancreatic necrosis occurring in a 
patient after a mismatched blood transfusion. It should be pointed out that in 
Ackerman’s case, as well as in the experimental work described here, the only 
inference which may be drawn at the present time is that small vessel thrombosis 
may be a precipitating mechanism in some eases of pancreatic necrosis. 
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SUMMARY 


In order to study the role of primary small vessel thrombosis in the causation 
of acute hemorrhagic pancreatic necrosis the Arthus reaction was induced in 
the pancreas of rabbits in various stages of sensitization. 

In the moderately sensitized rabbit acute nonfatal interst:tial pancreatitis 
was produced. 

Ductal injection of antigen in the highly sensitized rabbit produced a severe 
pancreatic necrosis, which was fatal in three animals. The eapillaries and 
venules in and about the areas of pancreatic necrosis were commonly occluded 
by hyaline, or leukocyte fibrin thrombi. This lesion was uniformly absent in 
animals showing extensive interstitial pancreatitis. 

The two types of experimental pancreatitis described bear a striking re- 
semblance to the interstitial and necrotic forms occurring in human beings. 
The role of allergy in the causation of this disease is as yet unexplored. 
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THE CHOLEDOCHO- AND PANCREATICODUODENAL JUNCTIONS IN 
THE CHIMPANZEE 


Epwarp A. BoypEN, PH.D. (MeEp.Sc.), SEATTLE, WASH. 


(From the Department of Anatomy, University of Washington) 


ECAUSE of the importance of the sphincter of Oddi, physiologically and 

clinically, any new information about its structure or function in primates 
should be of interest. Some years ago, through the courtesy of Dr. Arthur 
Kirschbaum and other members of the Yale Department of Anatomy, I ob- 
tained upper portions of the gut tract of two chimpanzee fetuses which had 
been preserved in formalin and which were in such good condition that they 
could be sectioned serially and stained with the smooth muscle dye, azocarmine. 
The first was a 126-day fetus that had been aborted. It had a crown-rump 
length of 130 millimeters and weighed 210 grams. (According to Tinkle- 
paugh, 1933, the gestation period of the chimpanzee is approximately 246 days, 
or 8 months, and the fetus at term weighs approximately 2,260 grams.) The 
mother was small for a chimpanzee and had had three interrupted pregnancies. 
The second fetus had an age of 167 days and a CR length of 230 millimeters. 
These two specimens will be referred to hereafter as ‘‘Chimp A”’ and ‘‘Chimp 
B,’’ respectively. 

The gross appearance of the major and minor papillae of ‘‘Chimp B”’ are 
shown in Fig. 1. Selected transverse sections through the corresponding por- 
tion of the duodenum of ‘‘Chimp A’”’ are shown in Figs. 2 to 10. The latter 
should be compared with the two sets of plates of human fetuses made by 
Schwegler and Boyden in 1937. The first of these sets (Figs. 12 to 17, 1937b) 
was taken from a 16-week fetus (105 mm. CR length) and therefore slightly 
younger than ‘‘Chimp A.’’ The second set (Figs. 10 to 21, 1937¢) was from 
an 8-month, 430 mm. (CH) fetus, and therefore considerably older than ‘‘Chimp 
B.” 


THE CHOLEDOCHODUODENAL JUNCTION 


It will be recalled that in human fetuses approaching term the intrinsic 
musculature in the junctional region forms a continuous sheath of smooth 
musele around the bile duct from just outside the choledochal window of the 
duodenum to the point in the submucosa where bile and pancreatic ducts 
unite to form the ampulla of Vater. This is the sphincter choledochus. In 
human embryos it appears about the ninth or tenth week of menstrual age (41 
to 45 mm. embryos) as a differentiation of mesenchyme around that portion of 
the bile duct that is entering the choledochal window in the tunica muscularis 
of the gut. It thus appears some four weeks later than the muscular tunie of 
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the duodenum. From this level it differentiates from the mesenchyme, pro- 
gressively, in both directions: namely, up along the bile duct for a short dis- 
tance, and down the duct, along its intramural course, as far as the ampulla. 

The time relations are of importance, for some observers have mistaken 
earlier concentrations of mesenchyme for the sphincter itself and have thereby 
drawn erroneous conclusions about it. For example, in a 27 mm. human 


embryo Kirk (1944) described ‘‘cireularly disposed fibres . . . in the intra- 
duodenal portion of the duct wall... that are continuous with the circular 


muscle differentiating in the wall of the intestine (Pl. 3, Fig. 7).” In a later 
article, based on the same specimen (1948, Figs. 3 to 5), he stated that the 
extramural portion of the sphincter is derived from the longitudinal muscle 
of the gut, and the intramural portion from the circular muscle of the gut. 





Pap. min. 


Pap. maj.- 


Fig. 1.—The opened duodenum of “Chimp B” (167-day fetus) showing relative size and 
position of the major and minor papillae. Note area that is bare of villi at end of major 
papilla, the great length of the ampulla of Vater, and the large size of the minor papilla. 
(X6; reduced 14.) 


However, this, which he assumed to be the sphincter itself, is merely a con- 
densation of mesenchyme around both bile and pancreatie duets which is 
contiguous peripherally with the intestinal muscle. Helly (1900) had seen a 
Similar arrangement in a 28.5 mm, human embryo and labeled it ‘‘musculus 
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sphineter’’—an error of interpretation to which F, T. Lewis called attention 
in 1911-1912. The sphincter muscle, however, does not begin to form until 
some two weeks later (in 41 to 45 mm. fetuses). It is only at this time, and 
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Figs. 2-10.—Transverse sections through the duodenum of “Chimp A” (126-day fetus) 
showing the passage of bile and pancreatic ducts through the intestinal wall. For details, 
see text. 
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from then on, that the true relation of the sphincter to the intestinal muscle 
can be studied. Unfortunately, these errors of interpretation have been used 
to discredit the fact that the sphincter choledochus is essentially an independent 
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Figs. 8-10. (For legend see page 920.) 
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structure. Thus in the latest edition of Cunningham (p. 667) we read, 
“Opinion is still divided as to how far, if at all |my italics] these encircling fibres 
can be regarded as intrinsic sphincters, structurally and functionally indepen- 
dent of the intestinal muscles.” 

A second cause of confusion may be attributed to the fact that when the 
sphineter first differentiates from mesenchyme in the choledochal window the 
duets seem to induce a sprouting of muscle fibers from the adjacent intestinal 
wall which connects the margins of the window with the intrinsic muscular 
sheath around the ducts (ef. Sechwegler and Boyden, 1937b, Fig. 4). These 
join the longitudinal fibers that anchor the bile and pancreatie ducts to the 
window and assist in erecting the major papilla (Kreilkamp and Boyden, 
1940). Also, they are the fibers that are responsible for giving an impression 
of continuity of the two musculatures. However, they can be distinguished 
from the main sheath since this develops from window to ampulla by pro- 
gressive differentiation of mesenchyme into circular muscle fibers (Schwegler 
and Boyden, 1937b, Fig. 5). Bergh and Layne have studied this sphincter 
experimentally in cholecystectomized and intubated patients. By ingenious 
methods of recording simultaneously the action of sphincter and duodenal 
musculature, they have demonstrated that the sphincter choledochus ean act 
independently of the duodenal muscle, and that spasms of the sphineter may 
even produce biliary colic. 

The sections through the duodenum of the available chimpanzee fetuses 
will not, of course, show the initial stages in the formation of the sphincter, 
but they do bring out points of agreement as well as interesting differences 
between the human and the subhuman primate. 

Beginning with Fig. 2, the common bile duct (Duct. chol.) may be seen 
descending toward the intestinal wall. The viewer is looking at the pars 
descendens of the duodenum with the accessory duet to his left and the bile 
duet to his right. (For orientation, compare with Fig. 9 of Schwegler and 
Boyden, 1937a, and Fig. 9, 1937b). One major difference will be noted. In 
the human fetus the longitudinal muscle of the duodenum withdraws from the 
region between the gut and the bile duct, leaving a large diamond-shaped 
hiatus (ef. Fig. 9, Sechwegler and Boyden, 1937b). In the chimpanzee it re- 
mains and participates in the formation of the sphineter (Tun. musc. [longit.], 
Fig. 2). 

A little lower down (Fig. 3) the first circular fibers are appearing around 
the bile duct. These are forming the extramural portion of the sphincter 
choledochus superior. The longitudinal muscle of the gut may be seen creep- 
ing up along the sides of the sphincter. In the older ‘‘Chimp B’’ it will sur- 
round the sphincter (at level of Fig. 3), and then withdraw in front of it as 
the panereatie duct converges upon the bile duct. 

In Fig. 4, the sheath is in contact with the margo superior of the chole- 
dochal window (ef. Fig. 9, Schwegler and Boyden, 1937b). Here the cireular 
muscle of the gut is being stimulated to give off ‘‘X’’ fibers (ef. 1937b, Fig. 4). 
These will develop into the ‘‘connecting’’ and ‘‘reinforeing’’ fibers described 
by Kreilkamp and Boyden (their Figs. 1 to 3). But at this level we note an- 
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other difference between the human and chimpanzee fetuses. In the latter 
the longitudinal muscle of the gut covers both bile and pancreatic ducts as 
soon as they approach each other. The longitudinal layer is soon accompanied 
by strands from the circular layer (Figs. 5 and 6). This high envelopment of 
the ducts suggests the condition found in subprimate mammals (guinea pig, 
dog, and eat), where both longitudinal and cireular muscles of the gut form 
funnels that enclose the ducts (ef. Fig. 1, Boyden, 1937). In contrast, the 
human duets have to pierce only the circular muscle layer of the duodenum, 
and this is accomplished through a narrow transverse slit whose superior and 
inferior (or inner and outer) margins are virtually in the same transverse 
plane (Schwegler and Boyden, 1937b, Fig. 10). 

In Figs. 5 and 6 the circular muscle of the gut now appears outside the 
pancreatic duct (Tun. musc. [ctrc.|). This corresponds to the margo inferior of 
the choledochal window of the human fetus (ef. Fig. 9, Schwegler and Boyden, 
1937b). However, the muscle bundle marked by an asterisk—a strand of 
circular fibers lying between bile and pancreatic ducts—is not present in man 
(ef. Figs. 13 and 15, Schwegler and Boyden, 1937e). 

In Fig. 7 the two ducts have passed through the windows in the tunica 
muscularis of the gut and are traversing the submucosa. The sphincter chole- 
dochus now appears as a thick, well-developed band that completely encircles 
the bile duct. In addition there are fibers that could function as a sphineter 
pancreaticus. These swing from the muscle layer between the two ducts to 
the sides of the pancreatic duct, where they join the longitudinal fascicles. In 
the 8-month human fetus no such fibers could be reeognized (ef. Fig. 16, 
Schwegler and Boyden, 1937¢), and in the adult they were seen in only four 
of twelve macerated specimens (Kreilkamp and Boyden). 

Perhaps the most striking feature in the chimpanzee fetuses (Fig. 7) is 
the expansion of the intramural portion of the pancreatic duct—a segment 
which I have termed the sinus pancreaticus. At the level where the two ducts 
become confluent (Fig. 8) the sinus is nearly three times as wide as the bile 
duct, so that the latter appears to be tributary to the former. One wonders if 
this narrowing of the bile duct as it approaches the confluence could have any 
physiologic significance. Certainly the sphincter choledochus could close the 
orifice very effectively. It will be recalled that in man this*is not only the 
sphineter which causes the filling of the gall bladder but also the one that 
may hypertrophy in the presence of stones, leading to their impaction in the 
intramural portion of the bile duet (Boyden, 1941). 

As in the human fetus, the two ducts become surrounded by a common 
sheath of fibers just before they become confluent (Fig. 8). This is the be- 
ginning of the sphincter ampullae. In man this is poorly developed in fetal 
stages (ef. Figs. 17 and 18, Schwegler and Boyden, 1937¢) and becomes of 
consequence only in that fifth or sixth of adult specimens in which the am- 
pulla persists as a sizable segment (Kreilkamp and Boyden). In sueh in- 
stances contraction of this muscle may create a common pathway between 
bile and pancreatic ducts which becomes manifest roentgenologically when 
the T tube of intubated patients is injected with radiopaque fluid. 
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Fig. 9 shows the main portion of the sphincter ampullae. Here it is as 
well developed as the ring musculature around the terminal portion of the 
bile duct (compare Figs. 7 and 9). 

Another striking difference between the chimpanzee and human fetus is 
the differing angle which the ampulla makes with the tunica muscularis. In 
man, the ampulla moves away from the circular muscle of the gut (ef. Figs. 
9 to 17, Schwegler and Boyden, 1937b, and Figs. 17 to 20, 19387¢). Such a 
papilla can be erected. In the chimpanzee, the ampulla remains parallel and 
close to the circular muscle of the gut all the way to the papillary orifice 
(Figs. 8 to 10). Perhaps as a consequence of this the intestinal muscle con- 
tinues to send circular strands into the right and left sides of the ampulla. 
These turn longitudinally, at once, suggesting that their function is to shorten 
the ampulla—a substitute, as it were, for erection of the papilla. Incidentally, 
the ampulla of ‘‘Chimp B’’ is very long (Fig. 1), constituting six-thirteenths 
of the intramural portion of the biliary passage. At the end, the papilla is 
bare of villi (Fig. 1). <A similar bare area is visible in the human fetus (ef. 
Fig. 19, Schwegler and Boyden, 1937e). 


THE PANCREATICODUODENAL JUNCTION 


As in man, the ductus pancreaticus accessorius enters the duodenum above 
the level of the bile duct. In the adult the two sites of junction have grown 
some distance apart, but in the fetus it is possible to see both sets of ducts in 
the same section. Thus, in Fig. 2, accessory pancreatic and bile ducts are 
approaching the duodenum at nearly the same level. <A sheath of intrinsic 
musele fibers surrounds the duct (Musc. panc.). In ‘‘Chimp B,”’ these are 
mostly longitudinal at this level. 

In Fig. 3, the accessory duct is descending between the superior and in- 
ferior margins of the pancreatic window or fenestra. 

In Fig. 4, the duct lies in the submucosa and is surrounded by the sphincter 
first described by Helly (1899). This sheath of muscle reaches its greatest 
development in the segment of the duct that lies in the submucosa. At this 
level (Fig. 6) it is completely separated from the circular muscle of the duo- 
denum. Comparison of the human and chimpanzee sphincters of Helly will 
be made in a subsequent article dealing with human accessory duct. 


DISCUSSION 


Serial sections through the pars descendens duodeni of two chimpanzee 
fetuses (aborted at 4 and 5.5 months in a gestation period normally covering 
8 months) reveal the presence of a well-developed sphincter choledochus and 
sphincter ampullae along the intramural course of the bile passages. 

The purpose of this investigation has been to compare the development of 
these sphincters in man and a subhuman primate in the expectation that our 
understanding of the human structures might be broadened, even as an earlier 
study of mammalian biliary tracts had provided a means of classifying acces- 
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sory gall bladders in man (Boyden, 1926). Fetal specimens were j:referred 
since the essential pattevn is more easily comprehended in developmental 
stages. 

Six striking differences were observed between the chimpanzee and human 
choledochoduodenal junctions: first, the widening of the submucosal segment 
of the pancreatic duct into a sinus pancreaticus and the narrowing of the 
bile duct at its confluence with the sinus; second, the participation of the 
longitudinal muscle layer of the duodenum in the formation of the sphincter 
choledochus superior; third, the high envelopment of both bile and pancreatic 
duets by the longitudinal and circular muscles of the gut, thus creating a short 
muscular funnel through which both ducts must pass to reach the submucosa ; 
fourth, the presence of strong bands of circular muscle running through the 
space between the bile and pancreatic ducts as they traverse the window; 
fifth, the precocious development and great length of the sphineter ampullae; 
sixth, the continuous contribution of the cireular muscle of the gut to the 
longitudinal muscle of the ampulla. 

From these observations it would appear that both man and the chimpan- 
zee have well-developed intrinsic sphincters of the bile duet but that the 
choledochoduodenal junction of the chimpanzee is much more complicated than 
its human counterpart, and that it is somewhat intermediate in structure be- 
tween that of man and the laboratory mammals, in that its upper portion does 
receive contributions from the intestinal musculature and does pass through 
a funnel in the muscular tunic of the duodenum. Previously, the rate of 
emptying of the gall bladder in the macaque had been found to be more like 
that of man than the cat (Boyden, 1932), but in structure the biliary tract of 
the monkey and cat resembled each other more closely. In view of these 
considerations one cannot help wondering whether the relative simplicity of 
the human choledochoduodenal junction may not reflect the virtual emancipa- 
tion of the human biliary tract from motor control by the autonomic nervous 
system. It may be recalled that evacuation of the human gall bladder in- 
duced by a meal of egg yolk cannot be reflexly inhibited, as in the eat, by 
faradie stimulation of the gut (Boyden and Rigler, 1934) and that vagotomy 
in man as contrasted with that in cats does not diminish the normal rate of 
emptying of the gall bladder (Johnson and Boyden, 1952). “If such be the 
case, has not the time come to discard the concept of biliary dyskinesia which 
was originally based on animal experimentation, unless it be shown that 
dysfunction in man is mediated by a hormonal mechanism? In any event, it 
is clear that in both man and the chimpanzee there exists a substantial sub- 
mucosal sphincter choledochus that is far better developed in these forms 
than in the laboratory mammals and bears no resemblance to what John 
Homans referred to facetiously, in his textbook of surgery, as the ‘‘mythieal 
sphincter of Oddi.”’ 
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EKXPERIENCES WITH THORACOLUMBAR SYMPATHECTOMY AND 
WITH COMBINED ADRENALECTOMY-SYMPATHECTOMY IN 
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of the Hospital of the University of Pennsylvania) 


HE purpose of this presentation is to compare the results obtained fol- 

lowing thoracolumbar sympathectomy and those obtained following com- 
bined adrenalectomy-sympathectomy in the treatment of patients with severe 
essential hypertension. It is apparent from our own experience and from the 
reported experiences of others that thoracolumbar sympathectomy is not a 
completely satisfactory type of therapy. It should be emphasized, however, 
that thoracolumbar sympathectomy is the only type of therapy for which data 
have been presented to show that the patients’ lives have been extended over 
that observed in patients not treated surgically..? Having subjected a num- 
ber of patients to unilateral adrenalectomy in combination with thoracolumbar 
sympathectomy, four years and three months ago we subjected our first pa- 
tient to bilateral resection of the adrenal glands. After a limited experience 
with subtotal adrenalectomy we began to combine bilateral subtotal adrenal- 
ectomy with a limited sympathectomy—a modified Adson sympathectomy. 
More recently a number of patients have had bilateral total adrenalectomy 
instead of a subtotal adrenalectomy (in combination with limited sympathee- 
tomy). It is our opinion that the more severely ill patients can withstand 
bilateral adrenalectomy and limited sympathectomy better than they can with- 
stand extensive thoracolumbar sympathectomy. In addition, it has been our 
clinical impression that the patients who have had adrenalectomy-sympathee- 
tomy have had better results postoperatively. The present report must be 
considered as a preliminary comparison, since patients of the adrenalectomy- 
sympathectomy series have not been followed postoperatively as long as those 
of the thoracolumbar sympathectomy series. 

The data to be presented are those of seventy-six patients subjected to 
extensive thoracolumbar sympathectomy followed from three to seven years 
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and the data of 125 patients subjected to combined adrenalectomy-sympathec- 
tomy followed from zero to four years. The data of these two series of pa- 
tients are reported in detail elsewhere.** The specific follow-up data are 
listed only for surviving patients, except, of course, the survival rates. The 
patients are classified according to the severity of their disease preoperatively 
by the Smithwick grouping method.’ For the purpose of this comparison the 
Smithwieck groupings IV and V have been maintained. Recently Smithwick 
has not attempted to subdivide groups IV and V, simply indicating all such 
patients as group IV patients. Group V patients have a resting diastolic pres- 
sure of more than 140 mm. of Hg. Table I shows the number of patients and 
the percentage of patients in each series divided according to their Smithwick 
groupings. Of the patients subjected to adrenalectomy-sympathectomy, 18 
per cent were in group IV, and 29 per cent were in group V, whereas among 
the patients subjected to thoracolumbar sympathectomy 22 per cent were in 
group IV and 29 per cent were in group V. The average Smithwick grouping 
of the patients subjected to adrenalectomy-sympathectomy was 3.5 and the 
average Smithwick grouping of the patients subjected to thoracolumbar sym- 
pathectomy was 3.6. Thus it can be said that the two series of patients were 
closely comparable with respect to the severity of disease preoperatively. 


TABLE I, SMITHWICK CLASSIFICATION OF PATIENTS 








ADRENALECTOMY-SYMPATHEC- THORACOLUMBAR SYMPATHEC- 








SMITHWICK GROUP TOMY PATIENTS TOMY PATIENTS 
I 0 (0%) 2 (3%) 
IT 4 32 (26%) 19 (25%) 
IITs 34 (27%) 16 (21%) 
IV 22 (18%) 17 (22%) 
Vv 37 (29%) 22 (29%) 
Average grouping 3.5 (125 patients) 3.6 (76 patients) 





The extent of resection of the sympathetic nerves in the two series of pa- 
tients is shown in Fig. 1. The patients who were subjected to thoracolumbar 
sympathectomy had excision of the three splanchnic nerves and excision of 
the ganglionated sympathetic chain including the third lumbar ganglion and 
the ganglion corresponding to the highest gross origin of the greater splanch- 
nie nerve. In most instances excision of the ganglionated chain ineluded re- 
moval of the fifth or sixth thoracic sympathetic ganglion, although oceasion- 
ally, the origin of the greater splanchnic nerve varied between the third and 
the eighth thoracic ganglia. When a combined adrenalectomy-sympathectomy 
was performed, approximately one inch of the greater and lesser splanchnic 
nerves was excised and the ganglionated sympathetic chain was excised from 
the twelfth thoracic to the second lumbar ganglia, inelusive. In approxi- 
mately two-thirds of the patients a small fragment of adrenal gland was left 
in situ on one side, while in the remainder a total bilateral adrenalectomy was 
performed. 


The average supine blood pressure for the 125 patients subjected to 
adrenalectomy-sympathectomy preoperatively was 209/125 mm. of Hg. The 
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average postoperative blood pressure of the patients surviving this operation 
(fourteen unknown) was supine 158/105 and standing 141/104. The average 
supine decrease in blood pressure of these individuals was, therefore, 51/20 
mm. of Hg. On standing there was a further average decrease of 17 mm. of 
Hg in the systolic blood pressure. 
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Fig. 1.—A shows the extent of resection in the individuals subjected to thoracolumbar 
sympathectomy. In general, the thoracic chain from the sixth thoracic to the third lumbar 
ganglia was removed together with the three splanchnic nerves. 

B shows the extent of resection of the ganglionated sympathetic chain and segments 
of the splanchnic nerves when a combined adrenalectomy-sympathectomy was performed. 
In all cases one adrenal gland was removed completely, and in most of the cases a small 
fragment of the second gland was not removed. Recently, it has been the practice to perform 
a bilateral total adrenalectomy. 


Of the patients subjected to thoracolumbar sympathectomy, the average 
preoperative supine blood pressure was 218/133 mm. of Hg. The average 
postoperative supine blood pressure of the living patients (six unknown) was 
174/106 mm. of Hg. The average postoperative standing blood pressure of 
these patients was 151/105 mm. of Hg. Thus the patients subjected to thoraco- 
lumbar sympathectomy had an average blood pressure drop of 44/27 mm. 
of Hg. On standing, these individuals exhibited a further decrease in systolic 
blood pressure equivalent to 23 mm. The average postoperative blood pres- 
sure responses in the two series of patients were, therefore, similar. 

For the purpose of tabulating the blood pressure response of the surviving 
individuals an arbitrary classification is used.2»* As shown in Table II, 30 
per cent of the patients subjected to thoracolumbar sympathectomy and 50 
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per cent of the patients submitted to adrenalectomy-sympathectomy had an 
‘‘excellent’’ blood pressure response, or a blood pressure less than 150/100 
supine and standing. Twenty-seven per cent of the adrenalectomy-sympathec- 
tomy group and 34 per cent of the thoracolumbar sympathectomy group had 
a ‘‘fair’’ blood pressure response—blood pressure from 155/100-180/110. A 
poor response or failure to respond was found in 22 per cent of the adrenal- 
ectomy-sympathectomy patients and in 36 per cent of the thoracolumbar sym- 
pathectomy patients. 










TABLE II. BLoop PRESSURE RESPONSES 



















ADRENALECTOMY- THORACOLU MBAR 
SYMPATHECTOMY SYMPATHECTOMY, 













BLOOD PRESSURE SUPINE AND STANDING (%) (%) 
Excellent, less than 150/100 50 30.1 
Fair, 150/100—185/110 27.4 34 
Poor, 180/110—200/120 14.3 25.3 






Failure, more than 200/120 8.3 10.6 












Tables III, IV, and V show the postoperative changes observed in electro- 
cardiograms, heart size, and retinopathy. Although none of the patients have 
been lost to follow-up, these data are only 77 per cent to 90 per cent complete, 
as indicated in the detailed reports published elsewhere.” * Table III shows 
the changes in electrocardiograms. Of the patients subjected to adrenalec- 
tomy-sympathectomy 42.7 per cent had indications of improvement, 48.8 per 
cent showed no change, and 8.5 per cent showed evidences of further abnor- 
malities. Of the patients subjected to thoracolumbar sympathectomy, the 
tracings were improved in 32.6 per cent, the same in 53.5 per cent, and worse 
in 13.9 per cent. Patients subjected to adrenalectomy-sympathectomy thus 
showed a greater tendency toward improvement in their electrocardiograms 
than did patients subjected to thoracolumbar sympathectomy. 

Table IV shows the data of the two series of patients in regard to heart 
size preoperatively, and at the time of follow-up examination. A decrease in 
heart size indicates a definite and persistent decrease in frontal area or trans- 
verse diameter by orthodiagram in those individuals who were found to have 
definite cardiac enlargement preoperatively. Those individuals who had nor- 
mal heart size or who had an increase in heart size preoperatively and who 
show no change in heart size postoperatively are listed as showing the same 
heart size. Of the surviving patients 68 per cent of the adrenalectomy-sympa- 
theetomy patients and 38 per cent of the thoracolumbar patients had cardiac 
enlargement preoperatively. The patients treated by adrenalectomy-sympa- 
theetomy had a greater percentage of decreases in heart size and fewer in- 
creases in heart size postoperatively than those treated by thoracolumbar 
sympathectomy. 

Table V indicates the changes in ocular fundi or changes in retinopathy 
as observed in the surviving patients. Of the patients treated by adrenalec- 
tomy-sympathectomy, 55 per cent were improved, 43.7 per cent were the same, 
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and 1.3 per cent showed a progression of the pathologic changes. Of the pa- 
tients treated by thoracolumbar sympathectomy, 58 per cent showed improve- 
ment of the eye grounds, 37 per cent were the same, and 5 per cent were 
worse. 


TABLE III, CHANGES IN ELECTROCARDIOGRAMS 





ADRENALECTOMY-SYMPATHEC- | THORACOLUMBAR SYMPATHEC-— 








ELECTROCARDIOGRAM TOMY (%) TOMY (%) 
Improved 42.7 32.6 
Same 48.8 53.5 
Worse 8.5 13.9 





TABLE LV. CHANGES IN HEART SIZE 





ADRENALECTOMY-SYMPATHEC- | THORACOLUMBAR SYMPATHEC- 


























HEART SIZE TOMY (%) TOMY (%) 
Decreased 41.7 31.8 

Same 54.5 56 

Inereased 3.8 12.2 

TABLE V. CHANGES IN OCULAR FUNDI 
~ ADRENALECTOMY-SYMPATHEC- | THORACOLUMBAR SYMPATHEC- 
OCULAR FUNDI TOMY (%) TOMY (% 

Improved 55 58 

Same 43.7 37 

Worse 13 « 5 





As previously stated, it has been our impression that our combined adre- 
naleectomy-sympathectomy is a less traumatic operative procedure than thoraco- 
lumbar sympathectomy. Table VI lists the postoperative complications and 
sequelae observed following the two-stage operations in the two series of pa- 
tients during hospitalization or within a period of thirty days from the time 
of operation. The incidence of complications and sequelae in patients sub- 
jected to adrenalectomy-sympathectomy was 52.4 per cent per operation, and 
the incidence of complications and sequelae to patients in the thoracolumbar 
sympathectomy series was 82.9 per cent. In addition to having a lower inci- 
denee of complications per patient or a lower morbidity raté, the patients 
subjected to adrenalectomy-sympathectomy required a shorter period of hos- 
pitalization by several days and briefer period of anesthesia than required by 
the individuals subjected to thoracolumbar sympathectomy. Patients sub- 
jected to thoracolumbar sympathectomy have more persistent backache post- 
operatively than do patients subjected to adrenalectomy-sympathectomy. It 
is also our impression that patients with borderline renal function are better 
able to withstand adrenalectomy-sympatheectomy than thoracolumbar sympa- 
theetomy. 

Table VII shows the survival rates of the patients of the two series ac- 
cording to the Smithwick grouping method. There is a higher survival rate 
for Smithwick groups II, [V, and V patients treated by adrenalectomy-sympa- 
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thectomy. The survival rates include an operative mortality of 5 per cent 
for the adrenalectomy-sympathectomy series and 1.5 per cent for the thoraco- 
lumbar series. 
TABLE VI. COMPLICATIONS AND SEQUELAE OCCURRING WITHIN THIRTY DAYS FOLLOWING 
OPERATION 
ADRENALECTOMY- THORACOLUMBAR 
SYMPATHECTOMY SYMPATHECTOMY 
Pleural effusion 8 43 
Pneumothorax 8 16 
Hemothorax 5 10 
Hydropneumothorax 0 5 
Pneumohemothorax 0 q 
Atelectasis 4 5 
Empyema 0 1 
Bronchopneumonia 0 1 
Acute pulmonary edema 0 ] 
Pleuritis 3 0 
Pulmonary infarction (nonfatal) 3 2 
Thrombophlebitis 1] 8 
Cardiac arrest 0 1 
Coronary occlusion 
nonfatal 3 0 
fatal ] 0 
Cerebral vascular accident 
nonfatal 3 4 
fatal 1 0 
Azotemia 2 5 
Wound infection and hematoma 12 
Persistent fever 10 2 
Significant hemorrhage 
nonfatal 9 0 
fatal 1 0 
Congestive heart failure 
nonfatal 2 0 
fatal 1 0 
Adrenal insufficiency 11 0 
Miscellaneous 33 17 
Total complications and sequelae 131 126 
Total patients 125 76 
Total operations 250 152 
Incidence complications and 
sequelae per operation 52.4% 82.9% 
TABLE VII. SurvivaL Rates 
ADRENALECTOMY-SYMPATHEC- | THORACOLUMBAR SYMPATHEC- 
SMITHWICK GROUP TOMY 0-4 YEARS (%) TOMY 3-7 YEARS (%) 
Group I - 100 
Group II 91 84 
Group III 80 88 
Group IV 86 59 
Group V 62 50 
SUMMARY 
1. The zero- to four-year follow-up data of 125 patients subjected to 
adrenalectomy-sympathectomy and the three- to seven-year follow-up of sev- 
enty-six patients subjected to thoracolumbar sympathectomy are summarized. 











934 ZINTEL ET AL. Sucsacy 


June, 1955 


2. The two series of patients are comparable with respect to the severity 
of their disease preoperatively. The patients subjected to adrenalectomy- 
sympathectomy had an average Smithwick grouping rating of 3.5, and those 
subjected to thoracolumbar sympathectomy 3.6. 

3. A higher incidence of excellent blood pressure responses and a lower 
incidence of poor responses or failure to respond were found in the adrenalee- 
tomy-sympathectomy series. 

4. The data indicate that the postoperative changes in the electrocardio- 
graphie tracings and heart size were more satisfactory in the adrenalectomy- 
sympathectomy series. 

5. The operative morbidity was higher in the thoracolumbar sympathec- 
tomy series. The operative mortality was higher in the adrenalectomy-sympa- 
theetomy series. 

6. Survival rates were superior following adrenalectomy-sympathectomy 
for the Smithwick groups II, IV, and V patients. 

7. The present report is a preliminary one. It should be emphasized that 
the difference in the average follow-up period for both series of patients does not 
allow a firm and definite comparison. 
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the Medical Nutrition Laboratory, Denver) 


INTRODUCTION 


HE importance of protein nutrition in wound healing is widely recognized. 

Frank protein deficiency leads to delay in wound healing, but satisfactory 
healing is ultimately attained (see Levenson and associates’ for review of liter- 
ature). In the uninjured animal the size of the body stores of protein is 
influenced by the amount of protein in the diet. As the protein level of the diet 
is inereased above that required for nitrogen equilibrium additional amounts of 
protein are stored, especially in the liver.2 Beeause this extra protein storage 
induced by high protein feeding is readily reversed by caloric restriction, starva- 
tion,” * or injury,‘ it has come to be designated as ‘‘labile’’ protein stores. Con- 
versely the magnitude of the catabolic response to injury, in regard to nitrogen 
loss, is proportional to the size of the ‘‘labile’’ protein stores and therefore to 
the preinjury plane of protein feeding. The question presents itself as to whether 
this metabolic variation in response to injury induced by differences in pre- 
injury protein feeding is associated with differences in wound healing. It was 
therefore undertaken in this study to compare the response to injury of animals 
previously fed minimal or liberal levels of dietary protein. 


METHODS 


Male albino rats were fed a commercial stock diet until 250 to 300 grams of 
body weight was attained. The animals were then divided into three groups and, 
for two weeks, fed purified diets which varied only in the amount of protein 
supplied: one, two, or three times the minimum requirement for nitrogen equili- 
brium (53 mg. nitrogen per 100 grams of body weight per day’). The protein 
source was casein supplemented with methionine, 30 mg. per gram of protein, 
incorporated at levels 10.45 per cent to 31.34 per cent of the diet. Other diet 
components were: vitamin-supplemented corn oil,* 10 per cent; U.S.P. salts No. 


The opinions expressed in this paper are those of the authors and do not necessarily 
represent those of any governmental agency. 
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*Containing 0.01 per cent halibut liver oil and 0.003 per cent a tocopherol. 
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2, 4 per cent; B vitamin mixture,* 1 per cent; and sucrose 53.66 per cent to 
74.55 per cent. Forty-eight calories was offered per day, which was sufficient to 
maintain body weight essentially constant, and the feeding period was limited 
to seven hours. Urine and feces were collected during the last two days of this 
period for measurement of nitrogen balance. 

On the fifteenth day five control animals from each group were sacrificed and 
the remainder subjected to injury. The animals to be injured were first 
anesthetized with sodium pentobarbital and shaved. A 4 em. midline abdominal 
incision was then performed and the wound closed by interrupted, through-and- 
through, No. 34 steel sutures at 1 em. intervals. A 5 em. shaved dorsal area, 
immediately anterior to the transverse process of the sacrum, was marked and 
the animal burned within the demarcated space by immersion for fifteen seconds 
in water heated to 90° C., a slight modification from the procedure of MeCarthy.° 
The incision served as a means of quantitating wound healing; the burn was 
added as a further metabolic stress. Levenson and co-workers’ found that incised 
wounds healed more slowly in burned animals than in unburned controls. 

No food was given on the day of injury, but ad libitum water intake was 
permitted. During the recovery period the groups prefed one or three times the 
protein requirement were divided, one half of the animals continuing on the 
same diet and one half receiving two times the protein requirement. This 
arrangement, as shown in Table I, provided three groups which differed only in 
the diet fed before injury and three groups in which the diet pattern was un- 
changed but at varying levels. On the first day after injury two-thirds of the 
previous food intake was offered, and during the remainder of the recovery 
period the standardization allowance was supplied, 48 calories per day. Urine 
collections were made over two-day periods beginning with the day of injury 
and continuing to the tenth day postinjury. Five or six animals from each 
eroup were sacrificed on the fourth, seventh, and tenth postinjury days. 


TABLE I. NITROGEN CONTENT OF FoopD 





NITROGEN ALLOWANCE 


























STANDARDIZATION POSTINJURY 
GROUP MG./DAY |% OF REQUIREMENT MG./DAY iia \% OF REQUIREM ENT 
1-1 162 100 162 °° | 100 ~ 
1-2 162 100 315 200 
2-2 315 200 315 200 
3-3 475 300 475 300 
3-2 475 300 315 200 


At sacrifice, the abdominal wound, burned area, liver, and adrenals were 
excised. One half of the wound was preserved for histologic examination and 
the remainder used for measurement of tensile strength as follows: A 1 em. 


*Supplying per 100 Gm. of diet: 


thiamine hydrochloride 0.50 meg. p-aminobenzoic acid 5.00 meg. 
riboflavin 0.50 meg. biotin 0.01 me. 
pyridoxine hydrochloride 0.25 mg. folic acid 0.10 meg. 
nicotinamide 2.00 meg. vitamin K 0.10 meg. 
calcium pantothenate 2.00 meg. choline chloride 100.00 meg. 


inositol 10.00 mg. vitamin By 50 ywe 
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strip was cut at suture lines and suspended from a screw clamp parallel to 
the incision. A second clamp to which was attached a paper container was 
fastened at the opposite end while supported from below, so that no weight was 
borne by the tissue. The support was then removed and lead shot added at a 
constant rate until the wound separated. The tensile strength was the combined 
weight of clamp plus container plus shot. The procedure was carried out on two 
strips from each wound (one from each end) and the average value used for 
comparisons. 

The burns were inspected for estimation of necrosis, ulceration, and sup- 
puration and the area traced on acetate film. The tracing was cut out and weighed 
and the area of the burn caleulated from the weight of a known area of the 
acetate film. The body surface area of the animal was caleulated from the 
formula derived by Mitchell’: body surface area, sq. em. = 13.2 weight. 
Burn size was then expressed as a percentage of body surface. A representative 
portion of the burn was reserved for histologic examination. 

The adrenals were cleaned and weighed immediately. The livers were 
weighed and analyzed for moisture, nitrogen, and fat.° 

The methods used for staining and examining the slides of the wounds were 
those described in detail by Pirani, Stepto, and Sutherland.’° 

The wound sections were examined in a uniform manner without previous 
knowledge of the origin of the slide. The wound area was arbitrarily defined 
as that limited by the epidermis and the peritoneal surface in one direction and 
by the width of two low-power (X35) fields on the other. Each specific 
histologie detail being investigated was then graded in arbitrary units (1+ to 4+) 
and tabulated in an attempt to obtain a quantitative evaluation of the possible 
changes. The general appearance, as well as the cellular features of the wounds, 
were studied in the slides stained with hematoxylin and eosin. Collagen fibers 
were stained by the van Gieson technique.’ As the collagen fibers are formed 
and mature, they gradually vary in color from pale pink to brilliant red, while 
immature collagen stains uniformly yellow. Toluidine blue for mucopolysac- 
charides was used in a 1:1,000 aqueous solution at pH 4.25 for one minute.'” 
After staining, the section was washed in distilled water for twenty seconds, 
blotted dry with filter paper, and mounted in crown oil. The slides were read 
within five minutes. The leukofuchsin periodic acid method for glycoprotein’ 
disclosed leukofuchsin-reacting material in small amounts distributed through- 
out the wound granulation tissue and within mast cells. 


RESULTS AND DISCUSSION 


Body Weight and Food Consumption.—At the end of standardization the 
body weight of the group fed the minimal protein level (270 grams) was sig- 
nificantly lower than that of the other two groups (279 grams) (fF = 13.15, 
P<0.01). On the day of wounding the differences between the subgroups 
within each level of preinjury protein feeding were not significant (F<1). 

The mean body weight loss between the day of wounding and the day of 
sacrifice was 10.2 grams at PI 4 (postinjury day 4), 11.7 grams at PI 7, and 12.5 











938 CALLOWAY, GROSSMAN, BOWMAN, AND CALHOUN nee 
grams at PI 10. These differences are not significant (F = 1.29, P>0.05). 
Nor were there significant differences in weight loss among the five postinjury 
diet groups (F = 1.89, P>0.05). The body weight fell sharply in the first two 
postinjury days, rose somewhat in the next two days, and then remained 
relatively constant. 
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Fig. 1.—Urinary nitrogen excretion pre- and postinjury. 


The total caloric intake between the day of injury and the day of sacrifice 
did not differ significantly between the various diet groups (PI 4, F <1; 
PI 7, F = 1.42; PI 10, F <1). In the PI 10 subgroups used for nitrogen ex- 
eretion measurement throughout, slight variation in food consumption was 
noted and is discussed in connection with nitrogen balance. 

Urinary Nitrogen Excretion and Nitrogen Balance (Figs. 1, 2, and 3).— 
During the last two days of the period of standardization all groups were in 
positive nitrogen balance and there were no significant differences between 
groups in this regard. When the minimum protein requirement was met, 56 
mg. of nitrogen was retained per day; at two or three times requirement, 
daily retentions were 62 mg. to 64 mg. Virtually all the additional nitrogen 
fed was excreted in the urine, the daily excretion rising from 92 mg. to 256 
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mg. to 392 mg. with increasing intake (Fig. 1). The wasteful nature of the 
excess feeding is best expressed by converting the nitrogen retentions to 
percentage of that absorbed, giving values of 38 per cent, 21 per cent, and 14 
per cent at one, two, and three times the requirement, respectively. 

The pattern of urinary nitrogen excretion is shown in Fig, 1. On the day 
of injury and the first day following, nitrogen excretion of the groups prefed 
the minimum requirement (1-1 and 1-2) rose markedly above the preinjury 
level. Those animals prefed double the requirement (2-2) exhibited only a 
slight rise in nitrogen excretion, and those previously maintained at three 


> 


times requirement (3-3 and 3-2) exereted less than during the control period. 
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Fig. 2.—Relationship between food intake and nitrogen balance at the second and third days 
after injury. 


During the next period the results were confounded by incomplete food con- 
sumption but three distinct levels of excretion related to intake were apparent. 
By the fourth and fifth days after injury excretions approximated those ob- 
tained before injury and remained essentially constant thereafter. The group 
continued at the minimum protein level returned to exeretions identical with 
those found during standardization, but excretions at two or three times 
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minimal requirement were slightly less than previously observed. The cata- 
bolie response to injury cannot be accurately assessed because the food intake 
in the immediate postinjury period was less than during the standardization 
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Fig. 3.—-Nitrogen “balance” pre- and postinjury. 


period, so that the effects of decreased food intake and response to injury were 
confounded. The total catabolic response to these two effects, as reflected by 
negativity of nitrogen balance, will be considered presently. However, by the 
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time food intake had returned to the standardization level (PI 4 and 5) 
nitrogen excretion was not greater than during standardization. Therefore, 
the catabolic response to injury, if present, had ended by this time. 


The marked effect of food intake on nitrogen balance, during the second 
and third days after injury, is demonstrated in Fig. 2. Regardless of protein 
supplied, nitrogen balance was negative unless the food intake, and hence 
caloric intake, was above 85 per cent of that required to maintain body weight 
before injury. Comparisons between groups during the second and third days 
after injury could not be made because of this variation in food consumption. 
Only the animals given the highest protein level ate the total food allowance 
during this period, and they were in positive balance. 

Immediately following injury the groups prefed two or three times the 
minimum requirement were in more negative nitrogen balance than were those 
on minimal allowance: —200 mg. per day as opposed to —-137 mg. per day (F = 
29.55, P < 0.01). The difference between the group prefed twice the minimal 
nitrogen requirement and the groups prefed three times this level was not 
significant (F <1). From the fourth day postinjury on, all groups were in 
positive nitrogen balance and those fed the luxus levels of protein retained 
more nitrogen (95 mg. per day) than the low-protein group (65 mg. per day) 
(F = 18.78, P < 0.01), but the difference between the groups on two and 
three times minimal requirement was not significant (F = 3.76, P > 0.05). On 
the higher-protein diets greater retention of nitrogen was attained during re- 
covery than preinjury (F = 5.56, P < 0.05), but retention of the lower-protein 
diet was unchanged. The nitrogen balance of the 1-2 group was significantly 
vreater than that of the 1-1 group (F = 8.07, P < 0.01), but the retention of 
the 3-2 group was not significantly greater than that of the 1-2 group (F = 
1.25, P > 0.05), nor was that of the 3-3 group superior to that of the 3-2 
group (F <1). It would appear, from the standpoint of nitrogen balance, 
that the most efficient scheme of feeding was the minimum requirement before 
injury with an increased intake to double the requirement during recovery. 
The positivity of balance rose significantly in all diet groups between PI 4 and 
5 and PI 6 and 7 (F = 23.33, P < 0.01) but did not change significantly be- 
tween PI 6 and 7 and PI 8 and 9 (F <1). 


Tiver Weight and Composition (Tables II and TIT).—At the end of 
standardization the means of the wet weight of the liver did not differ 
significantly among the groups in the experiment as a whole (F <1). In the 
postinjury period mean wet weight of the liver did not differ significantly 
among the diet groups (I° < 1) or among the groups sacrificed on various days 
(F = 2.305, P > 0.05). Similarly the total water content of the liver did not 
differ among diet groups at the end of standardization (I < 1) or in the post- 
injury period among diet groups (I <1) or among groups sacrificed on 
various days (F = 2.72, P > 0.05). However, the wet weight of the liver and 
percentage of water increased slightly in all groups after injury. Only in the 
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groups prefed triple the protein requirement were these increases significant 
(P < 0.01), and the increase in weight was accountable to the increase in 
total water content. 


TABLE II, LIvER WEIGHT AND MOISTURE CONTENT 






































GROUP l 1-1 l 1-2 l 2-2 3-3 3-2 
Wet weight 
control, grams 14.33 14.68 13.60 
PI 4, grams 14.96 14.78 14.98 16.10 15.07 
PI 7, grams 13.79 14.80 14.44 14.45 14.3 
PI 10, grams 13.99 14.85 14.35 15.13 15.44 
Moisture 
control, % 72.4 70.1 69.8 
total, grams 10.37 10.32 9.49 
PI 4, % 74.0 73.7 73.2 73.0 73.0 
total, grams 11.07 10.90 10.97 11.75 11.00 
PI 7, % 72.7 73.6 72.8 73.2 72.9 
total, grams 10.1 10.91 10.52 10.59 10.42 
PI 10, % 73.4 73.4 72.8 72.6 (ps Bs 
total, grams 10.27 10.89 10.44 10.98 11.33 
TABLE IIT. LIvER NITROGEN AND Fat CONTENT 
GROUP | 1-1 | 1-2 | 2-2 3-3 3-2 
Nitrogen 
control, %* 11.41 11.70 12.04 
total, mg. 451 510 494 
PI 4, % 12.06 12.49 12.19 12.55 12.35 
total, mg. 469 484 490 545 502 
PI 7, % 12.37 12.71 12.72 12.74 1.73 
total, mg. 467 496 499 492 494 
PI 10, % 11.63 12.53 12.31 12.55 12.25 
total, mg. 432 496 481 520 310 
Fat 
control, %* 8.16 8.81 8.18 
total, mg. 321 384 337 
PI 4, % 8.30 7.31 8.39 7.00 7.82 
total, mg. 322 283 332 305 315 
PI 7, % 7.79 6.83 7.17 7.51 6.90 
total, mg. 293 266 282 286 266 
PI 10, % 8.49 7.29 7.04 7.16 7.87 
total, mg. 313 290 294 297 328 








*Dry weight basis. 


The total nitrogen content of the liver at the end of standardization was 
higher in the groups receiving two or three times the minimal requirement 
than in the group receiving the minimal level (F = 4.24, P < 0.05). In the 
postinjury period the differences attributable to day of sacrifice were not 
significant (F <1). The liver nitrogen content of the 1-1 group was signifi- 


cantly lower (F = 9.51, P < 0.01) and of the 3-3 group significantly higher 
(FF = 5.26, P < 0.05) than those of the other groups, indicating that the 


extremes of levels of protein feeding were reflected in liver nitrogen stores 
during recovery. 

The total fat content of the liver did not differ significantly among the diet 
groups at the end of standardization (F = 3.58, P > 0.05), nor did the diet 
groups differ significantly in the postinjury period (F = 1.69, P > 0.05). 
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However, the liver fat content in the postinjury period was significantly lower 
than at the end of standardization in all diet groups (F = 26.73, P < 0.01). In 
each diet group the lowest liver fat content occurred on the seventh day post- 
injury, and the value for this day differed significantly from the PI 4 and 
PI 10 values (F = 13.37, P < 0.01), but the PI 4 and PI 10 values did not 
differ significantly (F <1). 

Adrenal Weight (Table IV).—There were no significant differences in 
adrenal weights prior to injury between groups fed the different protein 
levels (F <1). Adrenal hypertrophy occurred in all groups during the post- 
injury period (F = 37.09, P < 0.01). During the postinjury period the 
differences between days of sacrifice (F <1) and between diets (F = 1.05, 
P > 0.05) were not significant, but the diet-days interaction was highly 
significant (F = 3.14, P < 0.01). This indicates that the pattern of change 
in adrenal weight in the course of the postinjury period varied greatly 
among the diet groups, as is evident from the data. Thus groups 1-1, 3-3, and 
3-2 showed the greatest adrenal size by PI 4, whereas in groups 1-2 and 2-2 
this occurred on PI 10, at which time the adrenals of the other groups had 
returned to nearly normal size. This pattern does not suggest any simple 
relationship between the time course of adrenal enlargement after injury and 
the level of protein feeding before or after injury. 


TABLE IV. ADRENAL WEIGHT 











GROUP | 1-1 | 1-2 | 2-2 | 3-3 | 3-2 
Control, mg./100 grams BW* 15.3 16.2 16.5 
PI 4, mg./100 grams BW 20.6 18.0 17.9 19.9 19.2 
PI 7, mg./100 grams BW 17.5 18.2 19.5 19.8 18.9 
PI 10, mg./100 grams BW 17.2 19.6 19.9 18.2 17.9 





*Body weight. 


Under certain experimental conditions high-protein feeding has been 
found to lead to adrenal hypertrophy.’* In the present study the enlargement 
of the adrenals may reasonably be ascribed to the injuries acting as stressor 
agents.> The cause of the difference in time course of this adrenal hyper- 
trophy among the diet groups is not apparent. 

Burx Size (Table V).—The area of the burn, expressed as per cent of body 
surface area, did not differ significantly among the diet groups (F <1). 
There was, however, a highly significant variation in burn size on the various 
postinjury days (F = 9.21, P < 0.01) which was entirely attributable to the 
low value on PI 7 since the values on PI 4 and PI 10 did not differ signifi- 
eantly (F = 1.81, P > 0.05). This decrease in burn size in the intermediate 
period can reasonably be attributed to cicatricial contraction. 


TABLE V. BurRN, PER CENT Bopy SURFACE AREA 











GROUP | PI 4 PI 7 | PI 10 
1-1 6.3 5.2 6.1 
1-2 7.6 §.2 6.5 
2-2 7.6 5.2 6.6 
3-3 6.8 52 6.7 
3-2 6.7 5.6 6.2 
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In order to determine whether the variation in burn size had a significant 
effect on the tensile strength of the wounds, an analysis of covariance was 
made, using the burn size as the covariate and the tensile strength as the 
variate. A test for reduction of error mean square of the tensile strength values 
due to regression on burn size gave an F value of less than 1 (not significant). 
In the 15 subgroups the correlation coefficient between burn size and tensile 
strength was statistically significant in only one, and an F test for differences 
among subgroups in regression of the variate on the covariate gave a value of 
less than 1 (not significant). On the basis of these analyses it was concluded 
that within the range of burn size encountered in this study there was no 
correlation between burn size and tensile strength of the wound. 

Tensile Strength of Wounds (Table VI).—The differences between the 
tensile strengths of the wounds among the various diet groups were not 
significant (FX <1). Considering only the groups sacrificed on the fourth 
day postinjury, comparison of the two groups standardized at minimal protein 
requirement (mean tensile strength 56 Gm.) with the other 3 groups (mean 
tensile strength 84 Gm.) does not reveal a significant difference either when 
this comparison is made from the over-all analysis of variance (F < 1) or when 
a separate analysis of variance is made for the fourth postinjury day alone 
(F = 3.91, P > 0.05). Similarly in separate analyses of variance for the 
seventh postinjury day (F <1) and the tenth postinjury day (F = 1.79, 
P > 0.05) the differences between diets are not significant. The mean tensile 
strength of all diet groups rose from 73 Gm. on PI 4 to 322 Gm. on PI 7 and 
445 Gm. on PI 10. In the over-all analysis of variance the differences between 
postinjury days are highly significant (F = 157.55, P < 0.01) and the in- 
dividual differences between PI 4 and PI 7 and between PI 7 and PI 10 are 
also highly significant. 


TABLE VI. WouND TENSILE STRENGTH (MEANS AND STANDARD DEVIATIONS ) 














| PI 4 | PI 7 PI 10 

GROUP | (GM.) (GM.) (GM. ) 
1-1 59 + 34 372 + 42 491 + 124 
1-2 Sa = 37 327 + 97 520 + 160 
2-2 90 + 39 aoa = 107 365 + 94 
3-3 86 + 35 aol = 6) 4h; 2 38 
3-2 to ¢ 31 296 + 45 429 + 56 





In summary, no effect of protein level in the diet before injury or after 
injury on the tensile strength of the wound was observed. 

Wound Histology.—The mean values of the scores obtained by histologic 
grading of the wounds are given in Table VII. In no instance are the 
differences between dietary groups significant. The hematoxylin and eosin and 
van Gieson stains gave steadily rising scores in all groups as the number of 
days postinjury increased, thus showing good correlation with the tensile 
strength measurements. The toluidine blue and leukofuchsin methods for 
mucopolysaecharides and glycoproteins showed decreasing intensity of stain- 
ing with maturation, as has previously been reported by Pirani and asso- 
ciates.’° 
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TABLE VII. MEAN SCORES OF WOUNDS GRADED HISTOLOGICALLY 














STAIN ‘VAN GIESON | TOLUIDINE BLUE LEUKOFUCHSIN 
POSTINJURY DAY rr4 {| pPr7 | Pr 10 | pPr4 | pr7 | Pr lo pPr4 | PILZ | Pr 10 
Diet group 
1-1 1.6 2.6 4.0 3.2 2.2 1.0 2.2 2.0 1.0 
1-2 1.2 2.5 4.0 3.4 2.8 1.2 2.0 2.3 1.0 
2-2 1.8 2.8 3.5 2.2 1.6 1.8 1.2 of 1.2 
3-3 1.4 3.0 4.0 2.7 La 1.0 1.8 a 1.2 
3-2 1.4 2.5 3.8 3.2 2.0 2.0 ia i 1.2 





The burns were examined histologically after staining with hematoxylin 
and eosin. No important differences between dietary groups were noted. 


SUMMARY 


Protein was fed to male rats at levels corresponding to one, two, or three 
times the minimum requirement (160, 320, or 480 mg. N per day) with calories 
sufficient to maintain body weight at 300 grams. These intakes in fourteen days 
produced uniformly positive nitrogen balanee. At the end of this standardization 
period controls were sacrificed and the remaining animals subjected to a dorsal 
burn and a 4 em. laparotomy. Recovery was followed for ten days, during which 
the groups were subdivided so that in each series one group was fed the same 
diet as during standardization and a second group the intermediate nitrogen 
level. Animals were killed on the fourth, seventh, and tenth postinjury days. 
Metabolic response was evaluated by urinary nitrogen excretion, liver com- 
position, and adrenal weight and wound healing by tensile strength measurement 
and_ histologically. 

None of the criteria employed detected significant alterations due to the 
level of protein fed prior to injury, except urinary nitrogen excretions and 
liver nitrogen content. In the groups prefed the minimal protein level, urinary 
excretion and hence negativity of nitrogen balance were less on the day of injury 
and first recovery day than in groups prefed the higher levels. The liver 
nitrogen content was higher at the end of the standardization period in the 
groups receiving the higher protein intakes than in the group receiving the 
minimal level. 


During the recovery period, feeding higher levels of protein resulted in more 
positive nitrogen balance and greater total liver nitrogen content than did 
feeding the minimum requirement, but increasing the level from two to three 
times requirement afforded no further advantage. There were no other differ- 
ences attributable to variation in protein intake after injury. 

There were no significant differences attributable to level of protein feeding 
before or after injury in the tensile strength or histologic grading of the wounds. 


CONCLUSIONS 


It is concluded that maintenance of a high plane of protein nutrition before 
injury is without obvious benefit to the animal in terms of wound healing as 
compared with minimal, adequate nutrition. 
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BILATERAL HERNIOTOMY IN INFANTS AND CHILDREN 


Rosert E. RoTHENBERG, M.D., AND THEODORE BARNETT, M.D., BROOKLYN, N. Y. 


(From the Department of Surgery, The Central Medical Group of Brooklyn) 


T HAS been recognized for many years that infants and children have a par- 

ticularly high incidence of bilateral indirect inguinal hernia. Potts, Riker, 
and Lewis! mentioned that 20 per cent of inguinal hernias in infants are 
bilateral and 17 per cent are bilateral in older children. Iason? stated that 
25 per cent of patients with oblique inguinal hernia on one side will eventually 
develop an indirect inguinal hernia on the other side. Although Gross* 
acknowledged the frequency of bilateral inguinal hernia in infants and chil- 
dren, he does not believe that it oceurs with sufficient frequeney to warrant 
routine bilateral surgical exploration. Dunavant and Wilson‘ could find 
bilateral inguinal hernia in only 4 per cent of some 250 infants and children 
on clinical examination preoperatively. The variations in statistical findings 
are, in all probability, occasioned by the fact that the diagnosis of inguinal 
hernia in infants and young children cannot always be made accurately on 
history or physical examination. A small hernia sae, or even a large one 
without omental or intestinal contents, often escapes detection by the ex- 
amining finger. | 

During 1952, we operated on six children for indirect inguinal hernia 
upon whom we had operated for a hernia of the opposite side within the three 
previous years. At the time of the original herniotomy, there had been no 
clinical evidence that the lesion was bilateral. These findings led to the sus- 
picion that a bilateral herniation existed in a large proportion of other cases 
in which only a one-sided operation had been earried out. It was felt, there- 
fore, that surgical exploration of both inguinal regions was warranted rou- 
tinely for all infants and children with clinical unilateral hernia. If this pro- 
cedure were followed, it was thought that many patients might be spared a 
second period of hospitalization, a second anesthesia, and a second surgical 
procedure. Accordingly, during 1953 and 1954, fifty infants and children 
with preoperative clinical findings of unilateral inguinal hernia were sub- 
jected to bilateral surgical exploration. If there was the slightest suggestion 
of a bilateral hernia preoperatively, or if there was an accompanying hydro- 
cele or undescended testicle, the case was excluded from the study. 
In our series of cases, there were 47 boys and 3 girls, ranging in age from 

1 month to 12 years. Twelve children were under 1 year of age, eleven chil- 
dren were between 1 and 4 years of age, nine children ranged in age from 
4 to 6 years, ten children were 6 to 8 years of age, and eight children were 
between 8 and 12 years old. (See Table I.) 
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TABLE I 
AGE RANGES ; NUMBER OF PATIENTS 

1 month to 1 year 12 
1 year to 4 years 
4 years to 6 years 9 
6 years to 8 years 10 
8 years to 12 years 8 

Total D0 





The elinically palpable hernia was located on the right side in 33 patients 
and on the left side in 17 patients. <A left-sided hernia was discovered on 
operative exploration in 25 of the 33 patients in whom only a right-sided 
hernia could be diagnosed preoperatively. A right-sided hernia was discov- 
ered on operative exploration in 12 of 17 patients on whom only a left-sided 
hernia could be diagnosed preoperatively. Thus, a contralateral hernia was 
demonstrated in 37 of 50 patients, or in 74 per cent of all cases. (See Table IT.) 


TABLE II 


NUMBER OF CONTRALATERAL HERNIA PER CENT WITH 














CASES FOUND AT OPERATION CONTRALATERAL HERNIA 
Right-sided hernia on preop- 33 25 75.7 
erative examination 
Left-sided hernia on preop- 17 12 70.6 
erative examination 
Total 50 37 74.0 





All patients were operated on under general anesthesia through small 
inguinal incisions which were carried down to the external oblique fascia. 
The external inguinal ring was incised for a distance of 1 to 2 em., the ere- 
master muscle was split longitudinally, and the spermatic cord was explored 
carefully for the presence of a hernia sac. The incision of the external oblique 
fascia was an important maneuver as it permitted more thorough examina- 
tion of the cord as it emerged from the internal inguinal ring. Often, a large 
portion of the sae would be found to lie in this region of the cord and if the 
external fascia had not been incised, it might have been overlooked. In addi- 
tion, many of the smaller sacs may be obscured from view in their distal ex- 
tremity by a small pad of fat tissue which is present in the-area just beyond 
the external ring. When a hernia sae was located, it was picked up with a 
forceps and dissected free without disturbing the surrounding cord strue- 
tures. The sae was twisted, doubly ligated with fine silk sutures, and am- 
putated as high as possible. One or two fine, black silk sutures were inserted 
to approximate the incised external oblique fascia. No attempt was made in 
any of these cases to perform a plastic repair upon the muscle or fascial wall 
of the inguinal canal. 

Because it is known that a process or extension of peritoneum can be 
demonstrated in practically all infants and young children at the level of the 
internal inguinal ring, no peritoneal protrusion of less than 2 em. in length 
was considered to be a hernia. The length of the sacs on the ‘‘uninvolved’’ 
side was measured in all cases with the results as shown in Table ITT. 
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TABLE IIT. Size or HERNIAL SACS ON SIDE WHERE NO HERNIA WAS 
DIAGNOSED PREOPERATIVELY 




















LENGTH OF SAC | NUMBER OF CASES 
2 em. 14 
3 em. pe: 
4 em. 4 
5 em. 4 
6 em. 2 
Total ae 








It is interesting to note that the two children with the largest undiag- 
nosed saes, 6 em. each, had smaller herniations on the side which was diag- 
nosed clinically. All the sacs were opened and found to communicate freely 
with the peritoneal cavity, thus precluding the possibility that they were 
merely obliterated funicular processes. The failure to detect these herniations 
clinically can be explained by the fact that none of the sacs was found to have 
any contents. 

All twelve of the patients under 1 year of age were found to have bilateral 
hernias. The hernias on the undiagnosed side appeared to be exceptionally 
large in this age group with two infants having 5 em. saes, two having 4 em. 
saes, and five infants having saes of 3 em. in length. These findings might in- 
dicate that there is a tendency for the sacs to decrease in size or actually be- 
come obliterated as the infant matures. 

In the 1- to 4-year age group, 7 children were found upon operation to 
have bilateral hernias whereas 4 children had a hernia on one side only. In 
the 4- to 6-vear age group, 8 or 9 children had bilateral hernias. In the 6- to 
8-year age group, 5 of 10 children had both sides involved. In the 8- to 12-vear 
age group, 5 to 8 children were found to have bilateral lesions. (See Table 
IV.) 


TABLE IV. BILATERAL HERNIAS ACCORDING TO AGE GROUP 

















NUMBER OF NUMBER OF CASES WITH 
AGE GROUP CASES BILATERAL HERNIA PER CENT 
1 month to 1 year 12 12 100.0 
1 to 4 years iG rf 63.6 
4 to 6 years 9 8 88.8 
6 to 8 years 10 5 50.0 
8 to 12 years 8 5 62.5 
Total 50 37 74.0 
COMMENT 


It is an accepted anatomic fact that congenital hernias are caused by 
failure of obliteration of the processus vaginalis. According to Zimmerman 
and Anson,® a large percentage of these open processes close spontaneously 
during the first few months of life but rarely close spontaneously after 6 
months of age. Our operative findings would seem to bear out this conten- 
tion as a contralateral defect was found in the older children in only 65.8 per 
cent of cases as compared to the 100 per cent which were found in the infants 
under 1 year of age. Ilowever, our studies reveal that a much larger number 
of infants and children in all age groups have hernias than can be discovered 
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on clinical examination. Operative findings indicate that when a hernial 
defect is demonstrable on one side, it can be presumed to exist on the opposite 
side in approximately 3 out of 4 cases. 


CONCLUSIONS 

1. Bilateral indirect inguinal hernia was found in 37 of 50 infants and 
children in whom only a one-sided hernia could be demonstrated preopera- 
tively. 

2. One hundred per cent of infants under 1 year of age had bilateral 
hernia whereas 65.8 per cent of children over 1 year of age were found to have 
hernias on both sides. 

3. A bilateral surgical exploration seemed to be justified as it resulted in 
the cure of 37 undiagnosed indirect inguinal hernias. 

4. The performance of a bilateral procedure obviates the necessity of a 
second hospitalization, second anesthesia, and second operative procedure. 

5. The bilateral procedure does not add to length of hospital stay or 
operative morbidity. 

6. There were no wound infections or operative complications in this 
series of cases. 
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RENAL ARTERIOVENOUS FISTULA 


JAcK W. ScHwartz, CoLoNEL, MC, USA, ANTHONY A. Borsk1, Caprain, MC, 
USA, anp Epwarp J. JAHNKE,* Masor, MC, USA, Wasuineton, D. C. 


(From the Urological Service, Walter Reed Army Hospital) 


ASS ligation of the renal vessels in nephrectomy, although almost uni- 

formly practiced, is condemned by many surgeons as favoring the develop- 

ment of arteriovenous fistula. That this concern is unwarranted is revealed by 

the fact that a search of the literature fails to reveal a previous authenticated 
case of this complication. 

Hollingsworth! reported a ease following nephroureterectomy for renal 
tuberculosis. In this instance the renal vessels had been ligated separately 
but may have been traumatized by the aneurysm needle used to pass the 
ligatures. <A bruit and thrill developed in the left flank eighteen months follow- 
ing the operation. There was progressive cardiac enlargement. The patient 
refused surgery, and when last seen, four years later, the bruit and thrill had 
diminished. 

There are four other reported eases of renal arteriovenous fistula, none of 
which, however, was of apparent traumatic etiology. The first case reported was 
by Varela? in 1923 in a 28-year-old man with severe cardiac decompensation, 
mild hypertension, and a murmur in the right flank. At autopsy, a renal 
arteriovenous fistula was found, the etiology of which was presumed to be a 
congenital aneurysm of the renal artery with secondary erosion into the vein. 

Rieder® reported a similar case in which a cure was effected by nephrec- 
tomy. His patient, preoperatively, had severe cardiac decompensation and 
hypertension, with a blood pressure reading of 220/110. A bruit was present 
in the right lumbar region. There was a history of right flank trauma, which 
may or may not have had any etiological significance. An aneurysm of the 
renal artery with erosion into the vein was revealed at the time of surgery. 

Hamilton, Getz, and Jerome‘ reported a case in a renal carcinoma. The 
hypertension and bruit disappeared following nephrectomy. One additional 
ease, which is not described, is mentioned in a personal communication from 
F. B. Camp to Lasher and Glenn.*® 


CASE REPORT 
A 27-year-old white woman was admitted to Walter Reed Army Hospital on Feb. 
6, 1954, with a chief complaint of exertional dyspnea and a constant severe left lower 
quadrant pain. In 1949 she had had a right nephrectomy for pyonephrosis complicating 
pregnancy. Two years later she developed her present complaints, which had persisted almost 
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continuously since that time. Because of this pain she had two exploratory operations; one in 
1951, when a bilateral salpingectomy was performed, and another in 1952, when an ovarian 
cyst was removed. In April, 1953, a diagnosis of endometriosis was made and she was 
castrated with x-ray. None of these procedures relieved her symptoms. Between April, 1953, 
and the present admission she had been hospitalized four times with severe left lower 
abdominal pain, vomiting, and distention. On none of these admissions was a cause for her 
complaints discovered, and she was given a diagnosis of psychoneurosis with conversion 
hysteria. 

On admission to Walter Reed Army Hospital, examination revealed moderate non- 
radiating left lower abdominal tenderness but no palpable abdominal masses. Over the 
right lumbar region a definite thrill was palpated. On auscultation a harsh, machinery-like 
murmur was heard over the right flank scar with greatest intensity a handsbreadth to the 
right of the second lumbar vertebra. There was systolic accentuation of this murmur with no 
transmission. Compression of the flank failed to obliterate the thrill. 


lL. RENAL A 





The heart was not enlarged. There was a Grade II systolic murmur heard over the 
precordium, which was not transmitted. The electrocardiogram was normal. The blood 
pressure reading in the upper extremities was 118/70. The blood pressure of the lower 
extremities was not recorded. The eye grounds were normal. 

The gastrointestinal x-ray series, barium enema, blood chemistry, serology, hemogram, 
and urinalyses were not remarkable. An excretory urogram revealed an absent right kidney 
and an entirely normal left kidney. 

Aortograms were obtained on three occasions before satisfactory visualization of the 
pathology was determined. This showed a normal left renal artery and kidney (Fig. 1). 
On the right, at the level of the right renal artery, there was a 2 em. collection of the 
contrast medium with passage into and outlining the inferior vena cava. These findings 
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were consistent with a diagnosis of right renal arteriovenous fistula. For twenty-four hours 


following each aortogram the patient had excruciating left flank and left lower quadrant 


pain. 





Right renal vein 


stump. 
es 


Right renal artery 
stumps 


2 


Fig. 
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Fig. 3. 


On March 9, 1954, the right renal arteriovenous fistula was excised through a right 
subeostal transperitoneal approach. The findings are diagrammatically presented in Fig. 
2. A spherical pulsating mass about the size of a plum was discovered in the region of the 
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right renal vascular stump. The renal vein was first isolated, ligated, and divided. Two 
renal arteries were discovered entering the sac and were individually ligated and divided 
and the sac removed (Fig. 3). There was a 20 mm. narrowing of the pulse pressure when 
the vessels were clamped. 

The patient’s postoperative course was entirely uneventful. She experienced im- 
mediate and complete relief of the left lower quadrant pain and volunteered the informa- 
tion that for the first time in years she could breathe easier. The thrill and bruit were 
absent after the operation. She was discharged from the hospital on March 20, 1954. 


COMMENTS 


Although individual ligation of the renal vessels during nephrectomy is 
desirable from a technical standpoint, mass ligation as a cause of vascular 
complication is greatly exaggerated. In the extremely rare instance, where renal 
arteriovenous fistula complicates nephrectomy, the fistula is believed due to one 
of two causes: either the vessels retract within their ligated sheaths, or the 
vessels are traumatized proximal to their ligation by fixation sutures where those 
are used. 

Lumbar aortography with demonstration of the dye in the vena eava is 
diagnostie of a vascular shunt. The treatment is surgical, and when the eondi- 
tion oeceurs on the right side, the transperitoneal approach, with mobilization 
and medial retraction of the duodenum, gives the best exposure. 


SUMMARY 


A ease of renal arteriovenous fistula complicating nephrectomy for 
pyonephrosis and successfully treated by surgery has been presented. The 
vole of lumbar aortography in diagnosis has been mentioned. 
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TUMOR OF THE VAGUS NERVE 
IrvinG H. Parnes, M.D., New York, N. Y. 


(From the Surgical Service of the Mount Sinai Hospital) 


UMORS of the vagus nerve are sufficiently rare to be worth while report- 

ing. Neoplasms of this type are usually benign and well-encapsulated, 
there having been but two instances in the thirteen cases reviewed that were 
malignant.® ®° They arise from the sheath of the nerve and are referred to as 
schwannomas, neurilemmas, or neurinomas, as distinguished from tumors 
arising from the ganglia of the cranial nerve.» © 

Symptoms are few and variable. Occasionally, symptoms of irritation of 
the vagus nerve, such as coughing, hoarseness, or tachyeardia may be present. 
However, these are inconstant and not suitable for diagnostic purposes. The 
symptoms of chronic irritation of the vagus nerve are more prevalent if the 
tumor is malignant with invasion and/or destruction of the nerve fibers. In all 
of the cases cited previously, the sign which called attention to the tumor was 
a lump, or swelling, in the neck. In the intrathoracic vagus nerve tumors, a 
shadow on the chest roentgenogram was the outstanding sign. This was also 
true in the case cited here. Since localizing symptoms are not prominent, the 
diagnosis is usually made at the time of operation.1. Any mass in the neck 
should be operated on and removed. 

If the gross appearance is that of a benign, encapsulated tumor, an at- 
tempt should be made to remove the tumor mass without sacrificing the nerve 
itself. Some tumors may be dissected free of the nerve fibers. Occasionally, 
the nerve must be resected and an anastomosis of the vagus attempted. Divid- 
ing one vagus nerve in the neck may produce transient tachyeardia,* aphonia, 
and difficulty in deglutition. Paralysis of the innervated vocal cord is a 
permanent complication. 


CASE REPORT 


Mrs, A. J., aged 51, was admitted to Mount Sinai Hospital on May 28, 1951, with 
the chief complaint of a swelling on the right side of the neck of two years’ duration. Her 
past history included two previous Mount Sinai admissions, one in 1947 for a cholecystec- 
tomy for cholelithiasis, and one in 1948 for a postcholecystectomy syndrome. The present 
illness started with a right neck swelling which gradually grew larger. Nine months prior 
to admission, the patient began noting a sensation of pressure in the neck with choking, 
coughing when she bent forward, and moderate occasional difficulty in breathing. The 
patient had no symptoms of hyperthyroidism and still had mild symptoms of a post- 
cholecystectomy syndrome. 

Physical examination revealed blood pressure 150/70, pulse 60, respiration 16. Posi- 
tive findings were a healed upper right rectus scar, a liver enlarged one fingerbreadth below 
the right costal border. In the neck on the right side was a mass, the size of a plum, 
smooth, soft, nonnodular, with no bruit or thrill. The mass was not fixed to the cervical 
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structures. There were no palpable cervical lymph nodes. Preoperative examination of 
the vocal cords showed both moved well. Laboratory data were essentially normal, hemo- 
globin 13 Gm., basal metabolism rate minus 13. 





Kig. 1.—Photograph of excised tumor. Note the ends of the resected vagus nerve. 





Fig. 2.—Low-power (X35; reduced 14%) view of wall of tumor. 


Course.—The patient was then prepared for surgery. Under general anesthesia, the neck 
was explored through a transverse incision. The mass, beneath the strap muscles, was found 
to be eystie, and entirely separate from the thyroid gland. It seemed to originate from the 
right vagus nerve, which was seen to enter the mass and then leave it. The nerve proper 
could not be dissected free of the tumor mass. Therefore, the nerve was divided above and 
below, and the neoplasm removed en bloc. 

Postoperatively, the patient did well and was discharged to a convalescent home five days 
after the operation. Examination of the larynx postoperatively revealed absence of motion of 
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the right true vocal cord, the left cord moving well with an adequate airway. Three weeks 
later, the patient was readmitted for a suspected pulmonary infarction. She was discharged 
free of complaint two weeks later. She was last seen on June 25, 1954, with no evidence of 
recurrence and no complaints, except for slight residual hoarseness, 

Pathology.—The specimen consisted of an elliptical cystic mass measuring 7 em. in 
length and 4 cm. in circumference. At each pole of the mass is a i em. long segment of nerve 
tissue. A section of the mass revealed a central area of cystic degeneration filled with 
hemorrhagic fluid, the solid portion of the neoplasm consisting grossly of grayish red fibrous 


tissue. The microscopic diagnosis was neurinoma with cystic degeneration (Figs. 1 to 3). 





Fig. 3.—High-power (250; reduced 44) pt of tumor. Illustrates the palisading of the 
nuclei. 


COMMENT 


Clinically, the cervical mass in the patient could not be differentiated from 
thyroid adenoma. At the time of operation, an attempt was made to dissect 
the tumor mass free and keep the vagus nerve intact. This was not feasible 
because the fibers became a part of the sheath of the tumor mass. The hiatus 
in the nerve was too great to attempt an anastomosis. Resection of the nerve 
did not seem to affect cardiorespiratory physiology of the patient, and 
paralysis of the right vocal cord was the only objective finding. 


SUMMARY 


A neurinoma in the cervical portion of the vagus nerve in a 51-year-old 
female is presented. The only symptom was a painless lump in the neck. Pre- 
operative diagnosis was adenoma of the thyroid. Although benign, this tumor 
was excised together with the vagus nerve. Enucleation was attempted, but 
it could not be done. The only result of the severance of the vagus nerve was 
a unilateral recurrent nerve paralysis with moderate hoarseness of voice. 
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GAS CYSTS OF THE INTESTINE 
LEON J. WirKowskI, M.D., Guy V. Pontius, M.D., AND 
RayMmonp E. ANpERSON, M.D., M.S., Cuicaco, ILL. 


(From the Fourth Surgical Service, St. Luke’s Hospital, and the Department of Surgery, 
Northwestern University Medical School) 


HE elinieal entity known as pneumatosis coli or pneumatosis intestinalis 

has a far more descriptive name—gas cysts of the intestine. This condition 
has been rarely described and rarely encountered, and its incidental discovery 
at the operating room table has usually been a source of surprise and consterna- 
tion to the surgeon. Briefly, the condition is an accumulation of small to large 
eystlike structures in continuity with the gastrointestinal tract, and these eyst- 
like structures may lie in the subserosal space or they may lie in the submucosal 
area. If they are lying in the subserosal space they are readily seen upon 
opening the abdomen and they can be best likened to a cluster of grapes of 
variable size, varying from 1 mm. in diameter to 5 to 10 em. in diameter. If 
a cyst is ruptured there is an audible escape of gas which is odorless and which 
has been proved to be sterile under culture. If the submucosal area alone is in- 
volved the condition may not be recognized, although obstructive phases and 
distortion of the intestinal tract may suggest the site of pathology. The oc- 
currence of air cysts along the intestinal tract was recognized by veterinarians 
for many years. The condition usually oceurs in swine. It was first described 
in 1876 by Bang,’ but the original American report was by Finney? in 1908. 
Turnure*® added the second American ease in 1913. These early cases were 
surgically explored for gastric pathology, and the finding of the gas cysts was 
incidental. The most exhaustive report was submitted by Jackson,* who ac- 
cumulated 171 cases from the literature and added one of his own. 


ETIOLOGY 


The exact cause for the formation of the subserosal or submucosal gas eysts 
is unknown. Various theories have been expounded. Masson*® thought that 
the gas cysts were dilated lvmphaties, and he believed that the gas was pro- 
duced by chemical action on the intestinal chyle. Naeslund and Berglund® 
thought that the gas was due to a coliform-like bacillus which penetrated the 
intestinal wall and produced the gas during growth. LaMont’ believed that 
the gas formation was due to chemical reaction related to the absorption of the 
contents of a dilated bowel or stomach. These theoretical causes emphasize the 
neoplastic and the bacterial aspects, and are not as tenable as either the nutri- 
tional or the mechanical theory. The nutritional theory was given stimulus by 
Eveleth® in 1938. He was able to create this disease in hogs by restricting 
them to a rice diet. If corn was added to the rice diet the condition did not 
oceur. The mechanical theory has gained popularity because with increased 
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clinical experience there is associated gastrointestinal ulceration in a high 
percentage of cases. Turnure stated that 80 per cent of cases of pneumatosis 
intestinalis has associated severe gastrointestinal disease. Lindsay and 
associates’ reported 45 per cent had associated duodenal ulcer. They raise 
the question as to the part played by hyperperistalsis. The mechanical theory 
presupposes a mucosal break and the propulsion of gases along the submucosal 
or subserosal plane. 








Sigmoid colon with what appears to be a polypoid lesion. Perforation of the individual 


Fig. 1. 
cysts results in a collapse of the mucous membrane to its normal state. 


PATHOLOGY 


On gross examination this condition is characterized by collections of gas 
under the serosa or mucosa most frequently in relationship to the terminal 
ileum. The individual cyst may vary greatly in size and has been seen in the 
distal ileum, the cecum, the ascending colon, the jejunum, the omentum, and 
also along the gastrohepatie ligament. Masson stated that gas cysts never occur 
along the descending colon, but we have a ease to disprove this point. If the 
gas cysts are in the subserosal layer they may cause angulation of the intestine. 
They are most frequently seen on the antimesenterie border, where they appear 
as clear translucent bubbles. The submucosal variety, of course, cannot be 
directly visualized until the intestinal tract has been opened, and when this 
has been done the multiple cysts give the mucosa a pebbled appearance. If the 
large bowel is palpated one ean gain the impression of malignant tumor growth. 
As has been stated previously, bacterial study of the gas cyst has revealed 
nothing. Microscopic study of the cysts shows a rather extensive chronic 
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cellulitis in which granulation tissues are formed that have variable numbers 
of foreign-body giant cells. In addition, there is a formation of eystlike struc- 
tures, some of which seem to have a flattened epithelial lining, but others are 
lined by a layer of foreign-body granulation tissue. The muscularis usually 
shows no significant inflammatory reaction. 





Fig. 2.—Colon study with barium five years after the local resection. There has been no re- 
mission of the process. The gas cysts are seen most numerous in the splenic flexure. 


SYMPTOMATOLOGY 


There is no definite chain of symptoms which would lead one to suspect gas 
cysts. The symptomatology depends entirely upon their location, not only in 
relation to the entire intestinal tract but also in relation to the submucosal or 
subserosal regions. The diagnosis is usually made at the operating room table, 
although recently it has been shown that a preoperative diagnosis can be 
established. 

DIAGNOSIS 


This condition has occurred in both children and in adults. In Jackson’s 
series of 172 cases, twelve cases occurred in children and 160 occurred in 
adults. In 1929 Moore’® reported four cases in infants and stated that in the 
young patient the location of the eyst is usually submucosal, whereas in adults 
it is usually subserosal. Lerner and Gazin" were of the opinion that this entity 
can be diagnosed preoperatively by x-ray investigation. They felt that the 
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presence of inconstant filling defects of increased translucency is pathognomonic, 
and they reported a ease of cecal pneumatosis in a 22-year-old man who re- 
covered without surgical interference. Matranola’® thought that the most im- 
portant x-ray finding was the absence of intestinal loops between the 
diaphragm and the liver. 

We would like to report a case of submucosal gas cysts of the left colon, 
in which one of us (G. V. P.) operated five years ago for an obstructive lesion 
of the left colon. This ease is of clinical importance because the patient has 
been under constant observation for the past five years. Repeat x-ray 
examinations following surgery have shown that there has been an extension 
of this process proximally along the descending colon. 


Mr. J. C. M., a 61-year-old white man, entered St. Luke’s Hospital on Jan. 27, 1949. 
For a period of five months he had been complaining of alternating constipation and diarrhea, 
and his family physician had ordered a colon study. This barium study made at another 
hospital revealed a definite filling defect in the upper sigmoid colon, and his entry into 
St. Luke’s Hospital was primarily for definitive surgical treatment. Following medical 
preparation he was taken to the operating room and the abdomen was explored through 
a left lower mid-rectus incision. The sigmoid colon was rather easily delivered, and palpation 
revealed a four-inch area of thickening in the upper one-half of the sigmoid colon. This area 
felt nodular, and it was our gross impression that it represented a polypoid carcinoma. Ex- 
ploration of the abdomen was otherwise negative and the usual sigmoid resection was begun. 
Examination of the resected colon revealed a series of bubblelike structures (Fig. 1), which 
had a glassy translucent appearance and which, when penetrated with the sharp point of a 
scalpel, emitted a hissing tone due to the escape of gas under pressure. On decompression 
of these individual bubbles, the mucosal pattern appeared normal, and we could have con- 
tinued penetrating these individual cysts until our entire pathology had disappeared under 
our eyes. Happily this patient recovered without incident and left the hospital on the tenth 
postoperative day. Since his surgery he has had colon studies each six months. He was placed 
on a high-vitamin diet and had supplemental B complex injections. Each x-ray study 
showed a progression of his “disease.” There now appear to be multiple gas cysts from 
the point of resection well up into the splenic flexure (Fig. 2). At the present time he 
is esymptomatie and would be considered to be in excellent health. 

We think this case is of interest because it has shown no tendency toward spontaneous 
remission. It was also of clinical value because the submucosal cysts created obstructive 
symptoms which led to surgical resection. 
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BILATERAL SPIGELIAN HERNIAS IN CHILDHOOD 


Ex.uiort 8S. Hurwirt, M.D., ANp Maxwe.u Borow, M.D., New York, N. Y. 
(From the Surgical Division, the Montefiore Hospital) 


SPIGELIAN hernia may be defined as a hernia through the linea semi- 

lunaris (Spigelius’ line) in the anterior abdominal wall, along the outer 
border of the rectus sheath, at or below the level of the semilunar fold of Douglas. 
Such hernias are quite uncommon, and the reported cases to date have been 
almost completely confined to adults. A recent opportunity to treat a boy with 
bilateral Spigelian hernias has prompted this study, which apparently records 
the first description of such a situation in the pediatric age group. 


CASE REPORT 


A. O., Montefiore Hospital admission number 67538, was an 8-year-old white boy with 
asymptomatic bilateral oval protrusions in the anterolateral portions of the abdominal wall. 
The child had just recovered from moderately severe measles, and the previously unsuspected 
bulges had been noted in the course of a routine checkup examination by the pediatrician.* 
The abnormalities could be detected only when the child was straining. On examination he 
was a healthy-appearing, alert, normally developed child of stated age. A discrete oval 
bulge could be seen in the right lower quadrant, just lateral to the rectus muscle, slightly 
below the level of the anterior superior iliac spine (Fig. 1). There was an underlying oval 
musculofascial defect, measuring 2.5 em. in its long axis, and transmitting an impulse on 
coughing. A similar, smaller bulge was located symmetrically in the comparable location 
in the left lower quadrant. 


Re-examination after a four-month interval showed no change on either side, and the 
right Spigelian hernia was repaired surgically on June 14, 1954. A slightly oblique trans- 
verse incision was made through the skin and subcutaneous tissue in the right lower quadrant, 
directly over the hernia. The aponeurosis of the external oblique muscle was attenuated 
overlying the defect, and was incised in the line of the incision. An oval gap was present 
in the internal oblique muscle, directly over a sharply defined crescentic defect in the trans- 
versus muscle. This was immediately lateral to the semilunar line, and just below the fold 
of Douglas. There was no true sac, and the peritoneum was not opened. The fascial edges 
of the ring were approximated, and the defect in the internal oblique muscle was united. 
Because the attenuated external oblique aponeurosis seemed to offer little for reconstructive 
purposes, a generous flap of anterior rectus sheath was mobilized, and sutured over the 
entire defect. The external oblique was reunited, and the skin closed. Interrupted sutures 
of silk were used throughout the operation. 

The child was discharged from the hospital on the day following operation, the sutures 
were removed one week later, and the wound healed by primary union. Re-examination four 
months later showed a firmly healed incision, with no evidence of recurrence (Fig. 2). The 
Spigelian hernia on the left has remained stationary in size, and this will remain under 
observation. 


Received for publication Dec. 6, 1954. 
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Fig. 1—A and B, Preoperative appearance of right Spigelian hernia. 














B. 
B, Appearance four months postoperatively. 





Fig. 2—A and 
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DISCUSSION 

Spigelian hernias oceur relatively infrequently. In 1919, Barthélemy* sum- 
marized the literature and found only twenty-two eases. In 1951, Mersheimer, 
Winfield, and Ruggiero? collected 157 reported eases, and added four of their 
own. Koontz,* in that same year, described seven cases before the Southern 
Surgical Association, three of which were proved at operation. Recently three 
additional cases were recorded by Zimmerman and Anson,* bringing the total 
to 171. The number of Spigelian hernias reported in the last several years has 
inereased rapidly. This, with the experiences of Zimmerman and Anson in 
the anatomy laboratory, would suggest that the condition is not as uncommon 
as is implied by the literature. 

Bilateral spontaneous Spigelian hernias are truly rare. River’ found only 
three individual ease reports, all in the foreign literature, prior to 1942. The 
‘ases all involved adults, and there have apparently been no previous reports 
of bilateral Spigelian hernias in children, as recorded in the Quarterly Cu- 
mulative Index Medicus for the past thirty years and in the standard refer- 
ences on the subject of hernias. The single paper deseribing unilateral Spigelian 
hernias in children includes three siblings all of whom died in the neonatal 
period with congenital strangulated hernias of this type.° Gross has been un- 
able to recall a Spigelian hernia at the Children’s Medical Center in Boston, 
and Kirklin stated that none have been encountered in children at the Mayo 
Clinie.* 

The linea semilunaris or Spigelian line corresponds to the lateral margin of 
the rectus sheath, and runs from the ninth costal cartilage to the pubie spine. 
It is formed by the aponeurosis of the internal oblique muscle at its line of 
division to enclose the rectus muscle, and reinforeed anteriorly by the aponeuro- 
sis of the external oblique and posteriorly by that of the transversus abdominis. 
Midway between the umbilicus and the symphysis pubis, down to the pubis, 
the posterior rectus sheath is absent, as the internal oblique fails to split into 
two leaves, but passes in front of the rectus muscle with the aponeurosis of the 
external oblique and transversus muscles. The lower border of the posterior 
sheath between the umbilicus and pubis forms a eurved horizontal arch called 
the linea semicireularis or fold of Douglas. The inferior epigastric artery 
enters the rectus sheath by crossing this edge in the majority of cases. How- 
ever, in less than 50 per cent of individuals the artery perforates the posterior 
sheath just above the linea semicireularis. 

The term ‘‘Spigelian hernia’’ is reserved for those hernias which present 
along the semilunar line. A great majority of these appear at or below the 
fold of Douglas. There has been some confusion concerning the classification 
of those hernias emerging below the inferior epigastric artery in the semilunar 
line. Some authors have considered these as a variety of Spigelian hernia, while 
others have classified them as direct inguinal hernies. Reeent authors have 
evaded attempts to differentiate between these entities in this location on the 
hasis that the differentiation is of academic interest and without clinical applica- 
tion. Both Downes* and Mathews,’ however, did attempt to distinguish between 
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hernias in this area by using the lateral umbilical ligament as a landmark. 
Semilunar hernias appear medial to the ligament, while direct inguinal hernias 
appear lateral to it. This is true in most instances, but is not infallible. 

The etiology of these hernias has been poorly understood, and numerous 
theories have been advanced to account for this condition. Sir Astley Cooper, in 
1804, first suggested that these hernias presented through vascular foramina. 
Numerous authors supported this thesis and implicated the hiatus around the 
inferior epigastric artery as it perforates the posterior sheath. Others’® con- 
sidered this condition to be due to a weakness of the abdominal wall at the 
junction of the semilunar line and semicircular fold of Douglas. There the 
posterior sheath abruptly ends, and there is no aponeurotie support between 
the transversalis fascia and the musculature of the abdominal wall. Recently 
Zimmerman, Anson, Morgan, and MeVay"! undertook in the anatomy labora- 
tory to determine the aponeurotic and muscular arrangement of the abdominal 
wall. They dissected 500 body halves and found there was a wide variation in 
the relative amounts of muscular and aponeurotie tissue in the transverse and 
internal oblique muscle layers. Contrary to the popular impression, these 
muscles are not always uniform throughout, but are often composed of divergent 
bundles of muscle fibers separated by slitlike gaps of aponeurotie tissue. The 
width of these defects varied from 0.2 em. to 1.5 em. In a series of 100 body 
halves they found such defects in one or both layers in forty-five specimens. 
Ten specimens had defects in both layers, and in six they were superimposed. 
It is their opinion that these hernias emerge through defects formed by the 
banding of the muscle fibers. In several instances they encountered actual 
hernias at the dissection table. 

The concept of segmental banding of muscle bundles would seem more 
likely as an underlying basis for the formation of Spigelian hernias than any 
weakness of the linea semilunaris itself. On the contrary, the latter structure, 
representing a line of fusion of aponeurotic and muscular elements, represents 
an area of strength. For the most part, the segmenting of muscle groups was 
noted in the region of the semicireular junction. These muscular architectural 
defects are quite common, and it is necessary for other contributing factors to 
be present in order to produce a hernia. Increased intra-abdominal tension 
is the most prominent of these. Pregnancy, obesity, ascites, and chronic cough 
have been frequent findings in patients with these lesions. The possible rela- 
tionship of measles to the hernias in the present case can only be speculative. 
It would seem far more likely that the muscular defects had been present for 
some time, rather than that a unique type of muscular degenerative process 
occurred in the course of or as the result of the measles. 

These hernias are usually asymptomatic and, when irreducible, may be 
difficult to distinguish clinically from abdominal wall tumors. Interstitial her- 
nias must also be considered in the differential diagnosis. 

Effective treatment for this condition is always surgical. The operation 
consists of exposing the hernia by dividing the external oblique aponeurosis. 
A properitoneal ball of fat may be adherent to the sac, and when present these 
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must both be dissected from the surrounding tissue. The fat is resected and the 
sae ligated and divided at its neck, after reducing its contents. The hiatus 
in the muscular layers, which is usually well defined, is then closed and the 
external oblique reapproximated. In the present instance repair was accom- 
plished by imbrieating and reinforcing the muscular structures without the 
necessity for entering the peritoneal cavity. It is felt that mobilizing a flap of 
rectus sheath to serve as a buttress over the defect may add to the repair. As 
long as the protrusion at the left Spigelian site on straining remains small and 
asymptomatic, there would seem to be no compelling indication for surgical 
eorrection. The future of this lesion will be of considerable interest. 


SUMMARY 
1. A ease report of bilateral Spigelian hernias in a child has been presented. 
This apparently represents the first recorded instance of this condition in a child. 
2. The anatomy, etiology, diagnosis, and treatment of this entity are dis- 
cussed. 
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RUPTURE OF THE STOMACH IN THE NEWBORN INFANT WITH 
SURVIVAL 


LAWRENCE 8S. Mann, M.S., M.D., Irwin A. Kauuen, M.D., Aucust Tomusk, 
M.D., AND FRANKLIN P. FRIEDMAN, M.D., Cuicaco, ILL. 
(From the Department of Surgery {Drs. Mann, Tomusk, and Friedman] and the Department of 


General Practice [Dr. Kallen], Mount Sinai Hospital, and the Department of Surgery, Chicago 
Medical School) 


UPTURE of the stomach in the newborn infant is a rare entity, especially 

when due to a congenital defect of the musculature, but may be more com- 
mon than reported. Twenty-nine cases have been reported to date’; this 
ease we believe to be the thirtieth and representing the fifth survival. Leger, 
Ricard, Leonard, and Piette® reported the first survival in 1950. Ross, Hill, 
and Haas,’ Braunstein,? and Northway, DeLano, and Claytor’® have also re- 
ported survivals. This condition is more commonly found in males. The pa- 
tients which survived surgery had perforations along the greater curvature, 
varying from 2 em. upward. There were no associated intestinal anomalies in 
the surviving cases, and no biopsies were taken at the time of surgery. 

Perforation of the stomach falls into four main ecategories®: secondary to 
(1) uleer, (2) injury due to gavage, (3) congestion due to septicemia and 
asphyxia, and (4) defects in the musculature of the gastric wall. Our ease 
falls into the fourth category. Griffin and Griffin'' surveyed the literature and 


found only four cases in which a rent in the stomach wall was caused by a 
defect in the musculature. Since then, Braunstein? reported five additional 
eases and the tenth case was reported by Northway, DeLano, and Claytor.’° 
We believe our case to be the eleventh reported in this category. 


CASE REPORT 


D. E., a Negro male infant, weighing 7 pounds, 151% ounces was born at Mount Sinai 
Hospital on Sept. 6, 1954, at 3:42 p.m., after a normal pregnancy and spontaneous uncom- 
plicated delivery. He was a product of forty weeks’ gestation and cried spontaneously. 
The mother was a 23-year-old Negro primipara with a past history of asthma in childhood. 
Her general physical examination was within normal limits, including the pelvic measurements. 
She was Rh positive and had negative serology. Normal labor was thirteen hours, forty-four 
minutes in duration—first stage thirteen hours, twenty-five minutes, second stage seventeen 
minutes, and third stage two minutes. 

Initial physical examination revealed the infant to be in good health without any 
obvious congenital anomalies. He was admitted to the nursery at 5:05 P.M. and was sub- 
sequently re-examined and found to be in good condition with no abnormalities. Temperature 
was 97° F. A heat lamp was applied. At 1:00 A.M. on Sept. 7, 1954, the infant passed a 
large meconium stool. At 6 A.M. he was given 0.5 ounce of water, which was retained. At 
8 A.M. he had a small yellow stool. At 10 A.M. the patient went to the breast and also took 0.25 
ounce of tea. At 4 p.M. a large green stool was passed. At 6 P.M. he had a breast feeding 
and 0.5 ounce of tea. At 8 P.M. a small green stool was passed. At 10 p.m. the baby had a 
breast feeding and 1 ounce of tea. On Sept. 8, 1954, at 1:00 A.M. the patient passed a 
large green stool. At 2 A.M. 1.25 ounces of formula (evaporated milk and water) was given 
and regurgitated. At 6 A.M. he retained a breast feeding and 1 ounce of tea. At 8 A.M. a 
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small meconium stool was passed. At 10 A.m. he refused to nurse at the breast. The 
abdomen became firm and distended. At 11 A.M. the patient refused formula. At 12 noon 
a tap-water enema was given with the clear water being returned. The distention was 
unchanged. At 1 P.M. the abdomen was still distended, tympanitic, and nontender; liver 
dullness was obliterated, The infant was somewhat dehydrated and listless. The chest was 
hyperresonant to percussion, but breath sounds were normal. The anterior fontanel was not 
distended. Rectal examination with the little finger revealed no obstruction and exceedingly 
free mobility of the colon. It could be moved in all directions without meeting resistance, 
giving the impression that it was suspended in space. Sickle-cell test was negative. 





Fig. 1.—Roentgenogram in the upright position showing pneumoperitoneum and absence of 
air bubble in the stomach. Gas is present in the small and large bowels. 


Roentgenograms were taken (upright and recumbent views) revealing pneumoperitoneum 
(Figs. 1 and 2). The liver and spleen were pushed down, and free air was present under the 
diaphragm. There was no gas bubble present in the stomach, but gas was present in the 
large and small bowel, as in the case reported by Ross, Hill, and Haas.7 Therefore, a 
diagnosis of a ruptured stomach was made and immediate surgery advised. 

Ten hours following the onset of distention, with drop ether anesthesia, the abdomen 
was opened through a right paramedian incision. As the peritoneum was opened, air escaped 
under pressure, making a noise similar to that of air escaping from a tire. There was bile- 
stained fluid present in the abdomen. The entire greater curvature of the stomach (about 
2.5 inches in length) was ruptured. There was no bleeding from the edges of the area of 
the stomach rupture and no reaction indicative of a peptic ulcer. The closure was in layers, 
the first being continuous catgut and the second interrupted silk. A third layer of inter- 
rupted silk was placed where it was felt the suture line was weak. Thorough exploration 
was carried out and no other perforations or congenital anomalies were present. As much 
of the fluid as possible was removed by suction from the peritoneal cavity. Practically no 
milk was present in the peritoneal fluid. The closure of the abdomen was in layers. 
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The catheter which had been inserted through the nose into the stomach preoperatively 
was allowed to remain in place. The infant was given about 80 c.c. of blood postoperatively 
(10 ¢.c. per pound of body weight) and supported with parenteral fluids to which were added 
50 mg. of vitamin C and 10 mg. of vitamin K daily. Penicillin, 100,000 units, and dihydro- 
streptomycin, 0.125 Gm., were given twice daily for five days. Bowel sounds were heard on the 
second postoperative day and so the tube was clamped at intervals. On the third post- 
operative day 5 ¢.c. of 5 per cent glucose solution in water was given hourly through the 
catheter. 





Fig. 2.—Roentgenogram taken in recumbent position. 


The tube was removed on the fourth postoperative day and 5 e¢.c. of 5 per cent glucose 
solution and 5 c.c. of breast milk were given hourly. On the fifth postoperative day the 
infant was placed on a regular pyloric regime, being given 15 c.c. of water and 15 ¢.c. of breast 
milk hourly, gradually increasing the quantity until the child was receiving normal feedings 
every eight hours. The abdominal wound healed per primum. He was discharged from the 
hospital on Sept. 17, 1954. He was last examined on Nov. 1, 1954, weighing 10 pounds, 


6 ounces and found to be in excellent health.* 
DISCUSSION | 

X-ray examination in the erect and recumbent positions should be carried 
out in all eases of distention in the newborn infant because early diagnosis of 
a perforated viscus and early operation give a better chance of survival. We 
do not recommend that barium or Lipiodol should be given in these eases in 
that sufficient information can be obtained without their use and, second, we 
feel that these agents in the peritoneal cavity further add to the peritonitis 
and possibly impair healing of neonatal tissue. 


*The patient was seen in consultation by Dr. J. Aranow, associate attending pediatrician. 
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This ease falls into the category of being secondary to a congenital defect 
in the musculature. At the time of surgery, we did not find evidence of peptic 
ulceration nor any bleeding from the walls of the ruptured portion of the 
stomach. We agree with Griffin and Griffin" in that we believe a high per- 
centage of the reported gastric ulcers in the newborn infant are on the basis of 
a muscular defect and not on an ulcer basis. The surgeon at the operating table 
cannot accurately differentiate between the two conditions and, second, most of 
these ruptures occur at the greater curvature, where peptic ulceration is known 
to be uncommon. There was practically no milk in the abdominal cavity at the 
time of surgery, indicating that the food passed along the magenstrasse. No 
biopsy was taken at operation because it was felt that the best procedure was 
to close the defect in the stomach as rapidly as possible, performing only the 
necessary surgery. 

In none of the reported surviving cases was biopsy taken. Complete ex- 
ploration is necessary at the time of operation to find all defects. 


SUMMARY 


A ease of rupture of the stomach in the newborn infant, secondary to a 
congenital defect in the musculature, occurring forty-five hours after birth 
is presented. We believe this to be the fifth case reported in the literature 
which has survived. Prompt diagnosis and early operation to correct this defect 
are believed to be the main factors for survival. A distended abdomen, absent 
bowel sounds, and free mobility of the large bowel on rectal examination are 
presumptive findings of a ruptured viscus which ean be corroborated by x-ray 
examination in the upright position. The presence of a pneumoperitoneum 
with air in the small and large bowels and the absence of an air bubble in the 
stomach should be diagnostic of a ruptured stomach. 


We wish to commend the nurses for the splendid care this child received and the co- 
operating departments of Mount Sinai Hospital. 
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PRIMARY MALIGNANT MELANOMA OF THE FEMALE URETHRA 


Rosert P. McBurney, M.D., AND GEorGE F. BALE, M.D., MEMpuis, TENN. 
(From the Sanders Clinic and Baptist Memorial Hospital) 


HE ease of primary malignant melanoma of the female urethra reported 

herein is of interest for three reasons: (1) this condition is comparatively 
rare, (2) the tumor apparently metastasized to the cervix and vaginal mucosa 
by loeal implantation, and (3) the patient is living without any indication of 
the disease over three years after excision of the primary lesion and over one 
year following excision of the metastatic foci. 


The rarity of melanoma of the female urethra is evidenced by the fact 
that a rather thorough search of the literature by Long, Counseller, and 
Dockerty' in 1946 revealed only eleven cases previously reported. The three 
which they reported made a total of fourteen cases in the literature to that 
time. Savran, Sayer, and Schradiack,? in 1948, reported a ease of a 70-year- 
old woman with a primary melanoma of the urethra which was treated by 
local excision. Their patient died nineteen months following the operation. 


Allen and Spitz,’ in a review of 934 melanomas from the Memorial Hospi- 
tal in New York, mentioned one case in which the lesion was located at the 
urethral meatus. It was inferred, but not stated, that this was in a female. 
No details of the case were given except that the patient had died. The case 
herein reported presumably is the seventeenth thus far reported. 


REPORT OF A CASE 


Mrs. H., a 77-year-old white woman, was first seen on May 10, 1950, her chief com- 
plaint being recurrent nausea and vomiting for a period of one month. She had pre- 
viously had no symptoms referable to the gastrointestinal tract, nor had she at any time 
experienced any difficulty referable to the genitourinary tract. The only other complaint 
was dyspnea on exertion, of several months’ duration. 

Physical examination and laboratory and roentgen studies failed to demonstrate 
any lesion of the gastrointestinal or genitourinary tract. It was found, however, that 
the patient had auricular fibrillation and calcification of the abdominal aorta, for which 
she was given medication, 

In October, 1950, she returned to the clinic because of a small growth on the bridge 
of the nose, which had been present for six months. The lesion proved to be a basal- 
cell epithelioma and was successfully treated by roentgen therapy. 

The patient was next observed in January, 1951. At that time she complained of a 
bright red vaginal spotting of one week’s duration, and of loss of energy. Since her 
menopause 27 years previously, she had never noticed any vaginal bleeding prior to this 
occasion. 
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On examination, a small, red, granular-appearing growth was discovered on the 
urethra. No other abnormality was found on physical or routine laboratory study. The 
growth was believed to be a caruncie and was excised in the office. The pathologist made 
a diagnosis of malignant melanoma. 

A follow-up examination in November, 1951, revealed the site of the excision to be 
well healed. 

On Jan. 23, 1952, the patient returned and reported having had a slight amount of 
bright red vaginal bleeding for the previous six weeks. At this time, a polypoid lesion 
approximately 1.5 em. by 0.5 em. in size was found at the urethral orifice. The tumor had 
a granular appearance and bled easily. It was excised with a wide margin of the sur- 
rounding normal tissue and, again, the pathologic diagnosis was malignant melanoma, 





Fig. 1.—Primary urethral malignant melanoma (X100; reduced 4). 


At the patient’s next visit, in June, 1952, the area of the excision was well healed 
and there was no evidence of recurrence. On the anterior lip of the cervix, however, was 
a small, dark, granular area which bled easily. This was believed of no significance and, 
unfortunately, was not investigated further. The same error was made on a subsequent 
visit of the patient in October, 1952; at that time the cervical lesion was present but 
unchanged. 

The patient was not observed again until Aug. 10, 1953, when she returned because 
of a slight vaginal bleeding of one week’s duration. Inspection revealed a dark-colored 
lesion approximately 1 em. in diameter in the central portion of the cervix. The lesion 
bled slightly on contact. Another dark area, 1.5 em. in diameter, was found on _ the 
mucous membrane of the vaginal introitus. There were no signs of a recurrence in the 
region of the urethra, and nothing new otherwise was found on general physical exam- 
ination, on routine laboratory studies, or in a roentgen study of the chest. The report 
from a cytologic study of a vaginal smear indicated a need for further diagnostic in- 
vestigation. 
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On Aug. 17, 1953, a total abdominal hysterectomy was performed, and the dark area 
at the vaginal introitus was excised. A thorough examination of the abdomen and viscera 
revealed no signs of metastases. There were no enlarged pelvic, iliac, or para-aortic 
lymph nodes. At the patient’s most recent observation, on Aug. 3, 1954, one year after 
the hysterectomy, no metastatic or recurrent disease was found. 

The pathologist reported that the original specimen submitted under a clinical di- 
agnosis of urethral caruncle was an irregularly shaped portion of red-tan colored tissue 
with a granular, friable surface. Microscopic examination showed cords and nests of 
atypical polygonal cells with numerous mitotic figures (Fig. 1). Some of the cells con- 
tained brown pigment structurally consistent with melanin. 

The specimen submitted in January, 1952, was similar both grossly and micro- 
scopically to the original specimen. 
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Fig. 2.—Uterus, showing area of metastatic melanoma in the cervix. 


The ovaries, tubes, and body of the uterus examined following the panhysterectomy 
were essentially normal. The portio vaginalis of the cervix contained a black lesion 1.4 
em. in diameter, which surrounded the external os but was not elevated (Fig. 2). This 
lesion extended into the cervical canal for a distance of 1.4 em., and on cut section pene- 
trated to a depth of 1 to 2 mm. Microscopie examination revealed numerous cords and 
nests of polygonal to spindle-shaped cells. The nuclei of these cells showed marked vari- 
ation in size, shape, and staining qualities, with many mitotic figures. The cytoplasm 
contained varying amounts of fine granular brown pigment, Several of the tumor nests 
surrounded isolated segments of cervical glands (Tig. 3). A large portion of cervical 
epithelium over the lesion was ulcerated. There was no evidence of junctional change 
in those regions where the tumor had undermined the cervical stratified squamous epithe- 
lium. 
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The lesion from the vaginal introitus measured 0.7 by 0.3 em., was slightly elevated, 
and was dark in color; on section, the color did not appear to penetrate the underlying 
tissue. The microscopic findings were similar to those of the cervical lesion, and again 
no junctional change was seen (Fig. 4). 

The final pathologic diagnosis was metastatic malignant melanoma in the cervix 
and vaginal mucosa, probably from the primary melanoma of the urethra. 


DISCUSSION 


Malignant melanomas comprise 2 to 3 per cent of all malignant neoplasms 
in the human body. The majority involve the skin, although Allen and 
Spitz® found the primary lesion in the mucosal surfaces in 15.1 per cent of 337 
cases. In women, 7 per cent of melanomas develop in the genital area—a 
region which includes only about 1 per cent of the total body surface. Nevi 
in the genital region, particularly in the female, are especially prone to be- 
come malignant. This fact is not recognized by the medical profession as a 
whole. 

We have been unable to find a report of malignant melanoma of the 
urethra in the male. Apparently, the lesion develops in this location in women 
only. The majority, moreover, are beyond the age of 60. 

The earliest signs of the tumor are usually slight bleeding and a vaginal 
discharge. The function of micturition is seldom materially altered, although 
an oceasional patient may complain of dysuria. Clinically, malignant mel- 
anoma is most likely to be confused with a urethral carunele, the gross ap- 
pearance of the two being practically identical. The first requisite to the 
correct diagnosis is the suspicion of a malignancy from the clinical findings. 
A biopsy and examination of the specimen by the pathologist are then in order. 

In the experience of Allen and Spitz,* malignant melanomas of the female 
genitals carry a poor prognosis; only one of their eighteen patients was alive 
at the time of their report. Our patient is living and well three and one-half 
years after excision of the primary tumor and one year after excision of the 
metastatic disease. Although the prognosis is guarded, the period of sur- 
vival thus far seems to have almost set a record. 

So far as we could determine from the literature, no other cases of 
melanoma of the female genitals with metastasis to the cervix have been re- 
ported. It is believed that the cervical metastasis may have developed from 
a local implantation on an area of erosion or ulceration at one of the opera- 
tions for removal of the urethral lesions. Or, it is possible that metastasis may 
have taken place via the lymphatics, since the urethra, vagina, and cervix 
have a closely integrated lymphatie drainage. At the time of laparotomy, 
however, inspection of the pelvic lymph nodes revealed no abnormality. 


SUMMARY AND CONCLUSIONS 


1. Primary malignant melanoma of the female urethra, although seldom 
observed, is nevertheless to be considered in the presence of any tumefactive 
lesion of this area. 
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2. Closer attention to the discovery and excision of all pigmented growths 


in the region of the female genitals would no doubt serve to prevent malig- 
nant melanomas and to alter to some extent the almost universally fatal 
prognosis of those already developed. 

3. That the period of survival may at times be prolonged by excision of 
such lesions is illustrated by the case reported herein. The patient has sur- 
vived three and one-half years since removal of the original growth and is 
still in good health. 

4. To compound the rarity of the lesion is the fact that our patient had 
metastases to the cervix and vulvar mucous membranes. 
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ACUTE SUPPURATIVE APPENDICITIS WITH PERFORATION 
RESULTING FROM METASTATIC CARCINOMA, 
PRIMARY IN THE KIDNEY 


Morton M. Mayers, M.D., Los ANGELEs, CALIF. 
(From the Department of Urology, Ross-Loos Medical Group ) 


EREIN is reported a case of carcinoma of the kidney which had metasta- 

sized to the appendix, leading to appendicitis with resultant perforation 
and peritonitis. A search of the literature of the past twenty years failed to 
uncover a single incident similar to this one. Goldfarb and Zuckner' reported 
a case of inoperable gastric carcinoma with metastasis to the appendix eul- 
minating in appendicitis and perforation, which was recognized and treated 
successfully. An extensive search of the literature by these authors revealed 
only one case similar to their own, reported by M. C. Oldfield.2 The latter 
eoncerned a 44-year-old woman who had submitted to radical mammectomy 
for carcinoma three years, eight months previously. Metastasis to the appendix 
from the original lesion led to perforation. Goldfarb and Zuckner stated that 
they could locate no other case reports in the American or foreign literature 
comparable to these two, although there were case reports of metastasis to 
the appendix without the development of appendicitis. 

We found no eases of appendiceal metastasis from renal carcinoma, al- 
though Starr and Miller® reported one of solitary jejunal metastasis one year 
after nephrectomy for renal-cell carcinoma (clear-cell carcinoma). Starr and 
Miller pointed out that renal carcinemas metastasize most commonly to bone, 
brain, and lungs and sometimes to the skin, gall bladder, bile duets, corpora 
cavernosa, epididymis, bowel, pancreas, thyroid gland, pericardium, heart, 
mediastinum, seminal vesicles, external auditory meatus, and phalanges. 
There is no mention of metastasis to the appendix. 


CASE REPORT 


A white woman 72 years of age had consulted a number of doctors with varying 
complaints since 1939, none of which appeared to be related to the present illness until 
November, 1952. In the process of investigation for abdominal pains, a mass was palpated 
in the right upper quadrant. Excretory pyelography was performed, and because the find- 
ings were suggestive of a tumor mass in the right kidney, she was referred to Urology. 
A study of these films revealed a large filling defect in the right kidney with compression 
of all the ecalyees and considerable elongation of the pelvis. The filling defect seemed 
to be a rounded mass about 10 em. in diameter with calcification in the periphery. Upon 
careful questioning of the patient, it was concluded that the tumor mass was asympto- 
matic. 

Retrograde pyelography was performed. Indigo-carmine excretion suggested de- 
ficient function of the right kidney, particularly as compared to the left. On Nov. 25, 
1952, a right nephrectomy was performed. The entire renal mass with attached capsule 
of Gerota was freed down to the pedicle. The pedicle was found firmly attached to the 


Presented before the Los Angeles Urological Society, Oct. 5, 1954. 
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Fig. 1.—Microscopic section of the better-preserved area of original kidney tumor showing 


the characteristics of so-called pale-cell carcinoma. (360; reduced 4.) 
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Microscopic section of cross section of appendix through the tumor-bearing area. 
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posterior parietes and the vena cava. By painstaking dissection the tumor mass was freed 
from the vena cava. A small perforation occurred in the vena cava, but this was readily 
controlled by packing. At this time it was discovered that the tumor involved both the 
vena cava and aorta. Tumor tissue could be found to traverse the midline of the body. 
It was imminent that tumor tissue would be left behind, but the right kidney with its 
tumor and the attached capsule of Gerota was successfully removed. 





Fig. 3.—Microscopic section of the tumor nodule within the appendix showing the 
characteristics of so-called pale-cell carcinoma and essentially similar to Fig. 1. (360; 
reduced 4.) 


Pathologic Report.—The kidney specimen weighed 292 grams, measuring 14 by 9 
by 7.5 em. The cut surface showed a large, firm predominantly gray tumor mass measur- 
ing 10 cm. in maximum diameter. This occupied the middle two-thirds of the kidney, 
distorting the renal pelvis and displacing it anteriorly. In the central portion of the 
tumor there was a large circumscribed area of tumor degeneration and necrosis, measuring 
5 cm. in diameter. Near the upper calyx there was a small area on the renal pelvic 
mucosal surface where the tumor had eroded. 

Microscopic examination was made of three large representative sections showing a 
somewhat variable histologic picture. The better-preserved portions showed tumor tissue 
composed of closely grouped epithelial tumor cells arranged in disordered glandular forma- 
tions and separated by fibrous stroma, The tumor cells varied in size and shape. The 
nuclei were hyperchromatic. Some were pleomorphic and showed the classic cytologic 
features of malignancy, including mitotie figures. In a few areas the epithelial tumor 
cells had vacuolated cytoplasm, and here they bore some resemblance to the type of cell 
seen in so-called clear-cell carcinoma of kidney (Fig. 1). There were scattered large 
areas of tumor degeneration and necrosis. There was also much irregular fibrosis with 
inflammatory cellular infiltrate, which distorted the tumor pattern. Adjacent to the 
central zone of necrosis, there were several calcareous deposits, There was rather marked 
degeneration, distortion, and replacement fibrosis of the included renal parenchyma ad- 
jacent to the tumor. 

Diagnosis was adenocarcinoma of the right kidney with areas of degeneration, necrosis, 
and associated inflammation. 

The patient was discharged from the hospital on Dec. 7, 1952, convalescence having 
been satisfactory, albeit rather slow. That pain of which she complained intermittently 
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for some years continued to trouble her after discharge. When seen four months later 
the patient appeared to be definitely improved. She resumed most of her usual activities. 

On Sept. 13, 1953, the patient consulted an orthopedist, complaining that she was 
unable to bear weight on the right thigh after slipping while getting up from a chair. 
Roentgenograms taken for possible fracture were negative. The diagnosis was sprain 
with possible muscle tearing. The patient insisted upon hospitalization. Within forty- 
eight hours after admission, the patient started having more abdominal pain with nausea 
and vomiting with rising temperature. On three prior hospital admissions and on at least 
one occasion when consulting doctors in the Group, the patient stated that she had had 
an appendectomy. Later her husband volunteered the information that twenty years 
prior to the present, the patient had had pelvic surgery, at which time she was told that 
her appendix had been removed. Knowing the extensive tumor involvement of the great 
vessels of the abdomen at the time of the nephrectomy, the attending surgeon felt that 
her present symptoms were a reflection of this condition, and the patient was given opiates 
for relief. On September 24 the patient expired, and a post-mortem examination was car- 
ried out. 

The pertinent findings follow. 

The omentum and all the organs of the abdomen were covered with a fibrinous ex- 
udate. 

The left adrenal contained a nodule of metastatic adenocarcinoma. 

The right kidney was surgically absent, as were the uterus, tubes, and ovaries. 

The cecum was firmly bound in the right lower quadrant. Behind the cecum sur- 
rounded by a pocket of purulent fluid lay the appendix covered with fibrinous exudate. 
Five centimeters distal to its junction with the cecum there was a grayish, firm tumor 
mass 1.2 em, in diameter. Cut section revealed this tumor mass to be solid and obliterating 
the lumen of the appendix. Distal to this, the appendix was dark reddish gray and friable, 
and 0.5 em. below the tumor there was a ragged-edged perforation measuring 1.5 cm. in 
diameter. 

Anterior to the vertebral column extending from the insertion of the diaphragm to 3 
em. below the bifurcation of the aorta was a matted tumor mass which encased the aorta. 
Cut surfaces showed numerous enlarged matted lymph nodes, obviously the site of tumor 
metastases. Microscopic examination showed lymph node architecture almost completely 
replaced by metastatic adenocarcinoma, and the fatty tissue adjacent was also infiltrated 
with tumor. Included in the section is a segment of abdominal aorta. 

The section from the distal portion of the appendix showed all layers of its wall 
diffusely infiltrated with the products of an acute suppurative inflammatory process, and 


included in the section was the channel of perforation. Another section taken to inelude 
the tumor nodule presented the histology of adenocarcinoma (Figs. 2 and 3). The 


metastatic tumor nodule replaced almost the entire wall of the appendix and markedly 
constricted the lumen. A single mucosal gland identified the position of the lumen, which 
appeared as a narrow slit. The outer portion of the muscular tunic of the appendix could 
be identified at the periphery. 
SUMMARY 

1. A report of metastasis from renal carcinoma to the appendix with re- 
sultant appendicitis, perforation, and peritonitis is presented. 

2. This appears to be the first ease of this kind to be reported. 
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COEXISTENT VOLVULUS OF THE SPLENIC FLEXURE AND CECUM 


MILLINGTON O. YouNG,* LizuTENANT COMMANDER (MC) USNR, 
YOKOSUKA, JAPAN 
(From the Department of Surgery, U. S. Naval Hospital, Yokosuka) 


N A recent report, Buenger’ described two cases of volvulus of the splenic 

flexure of the colon, believed to be the first such cases recorded. His re- 
view of the American and European literature failed to disclose any other 
reports of this condition. 

Volvulus of the cecum has long been considered one of the rarer causes of 
intestinal obstruction. In 1953, Figiel and Figiel? collected 447 cases from the 
literature and added twenty-four new cases. There have been several addi- 
tional reports in the brief period since their review. In one of these, Wilson 
and associates* emphasized that volvulus of the cecum may be initiated by 
partially obstructive lesions of the left colon. Four of their eight patients 
had coexisting lesions of the left colon (three carcinomas; one benign stric- 
ture). These partially obstructing lesions were believed to have been the 
immediate precipitating factor leading to distention of the cecum, which in 
turn twisted on the abnormally long mesentery. They pointed out that this 
feature had not been adequately stressed previously and recommended in- 
vestigation of the left colon in any ease of volvulus of the cecum after the 
acute problem has been remedied. 

In the case described here, volvulus of the cecum was relieved by deflation 
and detorsion six days after a laparotomy performed elsewhere failed to dis- 
close the nature of the intra-abdominal lesion. Subsequent study of the left 
colon disclosed a chronic volvulus of the splenic flexure causing partial ob- 
struction. The splenic flexure was resected and the cecum found to be well 
fixed in its normal position. This is apparently the first instance in which 
volvulus of the cecum and the splenic flexure of the colon existed in the same 
patient and the first reported instance in which resection of the splenic flexure 
was carried out for volvulus. 


CASE REPORT 


The patient, a 19-year-old white man, became acutely ill on the evening of May 6, 
1954, complaining of intermittent cramping, lower abdominal pain. Eight hours after 
onset, the pain became much more severe and he began vomiting frequently. He was then 
admitted to a small dispensary, where it was noted that the abdomen was “rigid with 
guarding, with severe pain localized in the right lower quadrant.” A blood count dis- 
closed 20,000 white blood cells per cubic millimeter with 91 per cent neutrophils and 9 per 
cent lymphocytes. The patient stated that he had never previously experienced any 
similar symptoms, and his history was entirely negative for abdominal complaints of a 
chronic or vague nature; constipation was denied. The past history was negative; he had 

The opinions or assertions contained herein are the private ones of the author and are 


not to be construed as official or reflecting the views of the Navy Department or the Naval 
service at large. 
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not had any abdominal operations. A clinical diagnosis of acute appendicitis was made 
and an emergency laparotomy performed via a right lower rectus incision. The operator 
noted a moderate amount of serosanguineous fluid and described the small bowel as in- 
flamed but not distended. The cecum and appendix could not be located. After the 
incision was extended upward, it was reported that the terminal ileum and cecum were 
in a “retroperitoneal pocket in a right gutter.” It was concluded that the primary cause 
of the patient’s complaints was an acute gastroenteritis with the incidental finding of an 
intraperitoneal hernia due to an anomaly, and the operative procedure was terminated. 





Erect scout film showing dilated cecum filling left upper quadrant and some distended 


Fig. 1. 
loops of small bowel with fluid levels in lower abdomen. 





A Levin tube was inserted for gastric suction for three days, after which it was re- 
moved as the patient had passed some gas per rectum. On the fourth postoperative day, 
the abdomen became distended, more so in the left upper quadrant where the patient also 
noted pain. <A gastric tube was reinserted. A scout film of the abdomen was stated to 
disclose “dilatation of the colon in the left upper quadrant” and the stomach was dis- 
placed medially, On the next day the gastric tube was again removed, After the patient 
vomited 500 e¢.c. of green fluid, a tube was reinserted. The following day, May 13, a 
scout film disclosed “increased distention of the large bowel,” and the patient was trans- 
ferred to the U. 8S. Naval Hospital, Yokosuka, Japan. 

Examination disclosed an alert young man who did not appear acutely ill. His 
blood pressure was 110/80 mm. Hg. His pulse was 94 and his respiratory rate 20 per 
minute. The oral temperature was 99.4° F. General examination was negative except for 
the abdomen, which was uniformly distended, tense, and tympanitic, the latter finding 
being more marked in the left upper quadrant, where the patient complained of cramping 
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pain at frequent intervals. There was moderate direct tenderness over the entire abdo- 
men; no rebound tenderness was present. There was a sutured, healing incision over the 
right lower rectus muscle. Auscultation revealed occasional peristaltic rushes which were 
not high pitched. A blood count disclosed 24,700 white blood cells per cubie millimeter 
with 2 per cent juvenile forms, 13 per cent band forms, 71 per cent polymorphonuclear 
neutrophils, and 14 per cent lymphocytes; there were 4,420,000 red blood cells per cubic 
millimeter and 13 Gm. hemoglobin per 100 ¢.e. Urinalysis was normal, Flat and erect 
scout films of the abdomen disclosed a greatly distended loop of intestine filling most of 
the left upper quadrant, lying immediately under the left diaphragm, and, in addition, 
several moderately distended loops of small bowel containing fluid levels (Figs. 1 and 2). 
It was concluded that emergency surgical intervention was indicated promptly; an exact 


preoperative diagnosis was not ventured. 





Fig. 2.—Chest film on same date showing dilated cecum in more detail. 


Under general endotracheal anesthesia, the previous incision was reopened. A 
moderate amount of serosanguineous peritoneal fluid was aspirated. The omentum was 
found to be adherent to the distal jejunum, causing a kink with complete obstruction. The 
proximal jejunum was moderately distended while the distal small bowel was collapsed 
and ribbonlike. The recent omental adhesion was readily separated with a finger, dis- 
closing a 1 em, diameter necrotic area in the jejunal wall at its point of attachment; this 
area was protected with a moist sponge. Manual exploration disclosed a greatly distended 
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cecum in the left upper quadrant. After upward extension of the incision, the cecum still 
could not be delivered with safety, as its stretched wall appeared very thin. An elon- 
gated, noninflamed appendix was delivered and removed. A suction tip was inserted 
through a purse-string suture around the unligated appendiceal base and the cecal con- 
tents, chiefly gas, were aspirated. The purse-string suture was tied after removal of the 
suction tip. It was then possible to reduce a clockwise twist of 540 degrees of the 
mesentery of the terminal ileum and cecum, There were no areas of questionable viability 
in the cecum or ascending colon. However, it was not felt advisable to attempt any type 
of cecopexy due to marked thinning of the cecal wall. A suction tip was introduced 
through the small area of necrosis in the wall of the jejunum and the proximal small 
bowel was decompressed; the perforation was then closed with interrupted serosal sutures. 








Fig. 3.—Evacuation film after first barium enema disclosing minimal barium in the 
transverse colon, which is narrowed at its point of entry into the moderately dilated splenic 
flexure. 


Further exploration disclosed the transverse colon and descending colon to be in their 
normal locations, empty, and almost ribbonlike. The splenic flexure was not visualized. 
However, after the cecum was delivered from the left upper abdomen and the proximal 
jejunum deflated, there was no other distended segment of bowel present. There was no 
“pocket” of peritoneum in the right gutter or internal hernia. 

Postoperatively, gastric suction was maintained and opiates were administered regu- 
larly in an effort to keep the bowel quiescent and possibly facilitate fixation of the cecum 
in the right lower quadrant by adhesions. The patient had two bowel movements on the 
third day after operation; the gastric tube was then removed and oral feedings were 
started. On the next day, a distended tympanitic mass was noted in the left upper 
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quadrant and a scout film disclosed a dilated segment of colon beneath the left diaphragm. 
It was feared the cecum had again undergone rotation, perhaps only 180 degrees. Although 
the left upper quadrant distention persisted, the patient’s clinical course was uncomplicated; 
he was able to eat a regular diet and had normal bowel movements. 








Fig. 4.—Evacuation film after second barium enema showing dilated splenic flexure filling the 


entire left subdiaphragmatic space. 


A barium enema examination performed on May 25, 1954, disclosed distention of the 
splenic flexure and proximal ascending colon with almost complete obstruction to the flow 
of barium into the distal transverse colon. The latter appeared to enter the dilated 
splenic flexure obliquely on its posterior surface (Fig. 3). A second barium enema 
examination performed June 9, 1954, disclosed increase in the distention of the splenic 
flexure (Fig. 4). On one of the evacuation films, a point of narrowing was demonstrated 
in the descending colon just distal to the marked dilatation (Fig. 5). It was believed 
this represented the distal point of torsion, which had been reduced by the pressure of the 
enema. There was no evidence of obstruction in the colon distal to this point, and 
sigmoidoscopic examination was negative to 25 em, Barium was administered orally on 
June 14 and its course followed. The cecum was found to be in the right lower quadrant, 
still moderately dilated; there was some delay in passage of the barium into the splenic 
flexure, which allowed visualization of the distal transverse colon (Fig. 6). 

Following detorsion of the cecum, the patient remained asymptomatic until June 23, 
1954, when he noted intermittent abdominal cramps and moderate distention. Roentgeno- 
grams disclosed moderate distention of the small bowel and right and transverse colon. 
This subsided within forty-eight hours without any specific treatment. A decision was 
then made to carry out definitive surgical treatment and the bowel was prepared. On 
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July 2, 1954, a left upper paramedian incision was made and abdominal exploration 
carried out. The cecum was found to be immobile, being well fixed by adhesions in the 
right lower quadrant. The splenic flexure was dilated up to 15 em. in diameter. It could 
not be delivered into the incision until some thick peritoneal bands connecting its 
posterior surface to the lateral portion of the left diaphragm were sectioned. These bands 
produced a twisting of the splenic flexure, causing the proximal descending colon to be- 
come obstructed due to the waistlike narrowing at the point of axial torsion and dis- 
placing the distal transverse colon posteriorly, flattening the bowel at its point of entry 
into the dilated splenic flexure. The distal transverse colon, the splenic flexure, and the 
proximal descending colon were resected and an end-to-end anastomosis was performed. 
The postoperative course was uncomplicated and the patient has remained free of any 
symptoms. Histologic examination of sections taken from all portions of the resected 
specimen disclosed the normal number of myenteric plexuses, A barium enema examina- 
tion performed three weeks after operation disclosed a wide stoma at the site of 
anastomosis with moderate dilatation of the right and transverse colon still present. 





Fig. 5.—Marker indicates point of narrowing in proximal descending colon corresponding to 
site of axial torsion seen at operation. 


COMMENT 


It is difficult to explain the absence of symptoms prior to the acute onset. 
However, the patient was an intelligent and observing person and the history 
was considered reliable. There seems little doubt that the volvulus of the 
cecum existed for almost one week before it was reduced. The patient was 
most fortunate that circulatory impairment and gangrene did not occur. At 
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the time of the second laparotomy and detorsion of the cecum, the situation 
was further complicated by the complete jejunal obstruction secondary to the 
recent adhesion. Resection of the right colon, reeommended by Wilson and 
co-workers,*® conditions permitting, was not considered advisable under these 
circumstances. The subsequent course substantiated this decision, as the 
cecum became fixed in its normal location. In addition, right colectomy would 
not have corrected the primary difficulty, the volvulus of the splenie flexure, 
which was not recognized until x-ray studies were performed later. 





Fig. 6.—One month after detorsion of the cecum, it is seen to be moderately dilated and 
in a normal position. Twenty-four hours after administration of the barium meal, none of 
the contrast medium is seen to have entered the splenic flexure and the distal transverse 
colon is well outlined. 

The peritoneal bands causing the torsion of the splenic flexure appeared 
to be congenital in origin rather than inflammatory. A torsion in the long 
axis of the proximal descending colon was produced by these bands, the re- 
sulting obstruction causing marked dilatation with hypertrophy of the muscu- 
lar coats. The distal transverse colon was actually not involved in the vol- 
vulus. In contrast, in the two eases described by Buenger,' the distal trans- 
verse colon and proximal descending colon appeared to be twisted on their 
mesentery, forming the type of volvulus usually seen in the sigmoid colon. 

When deflation of a distended cecum that has undergone volvulus is 
indicated to facilitate its delivery and detorsion, the method used in this case 











990 YOUNG Surgery 

June, 1955 
is recommended provided the appendix is present and can be adequately ex- 
posed. With care, the procedure can be carried out without contamination. 
Inversion of an unligated appendiceal stump is the method of choice of many 
surgeons in performing a routine appendectomy. 

It is possible that simple lysis of the peritoneal bands causing the volvulus 
of the splenic flexure would have been adequate treatment. This method was 
successfully used in one of the cases described by Buenger.t However, it was 
felt that resection added minimal additional risk in this healthy young man 
and would give the greatest chance for permanent relief. In addition, there 
was the remote possibility that an unusual form of Hirschsprung’s disease 
existed since a point of distal obstruction could not be demonstrated with 
complete certainty. The findings at operation and histologic study of the 
resected portion of colon excluded this possibility. 


SUMMARY 


The case of a 19-year-old man is described in which a chronic volvulus of 
the splenic flexure of the colon causing partial obstruction is thought to have 
been the precipitating factor responsible for volvulus of the cecum. Sub- 
sequent to detorsion of the cecum and roentgenographie studies of the colon, 
resection of the splenic flexure was performed with relief of symptoms. This 
is believed to be the third recorded case of volvulus of the splenic flexure of 
the colon and the first instance in which this condition coexisted with volvulus 
of the cecum. Roentgenographic demonstrations of this unusual condition are 
presented. 
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VARCINOMA OF THE SIGMOID METASTASIZING TO THE ANUS BY 
THE MUCOSAL ROUTE 


CLAIBORNE W. FircHert, M.D., Norroik, VA. 


(From the School of Surgery, University of Virginia, Department of Medicine, and the Uni- 
versity of Virginia Hospital) 


HE metastasis of tumor cells from one portion of the gastrointestinal 

tract to another through the lumen of the bowel is an infrequent ocecur- 
rence. This type of metastasis has been called implantation metastasis, 
mucosal metastasis, and drop metastasis. In a recent case reported by Guiss,* 
a primary tumor of the sigmoid metastasized to a fistula in ano. I should like 
to report a similar unusual case where a sigmoid carcinoma metastasized into 
an anal crypt. 

CASE REPORT 

A 52-year-old Negro woman was admitted to the University of Virginia Hospital on 
Feb. 4, 1954, complaining of rectal bleeding for two years. Two months prior to admission, 
this bleeding became more pronounced. The blood was usually bright red in color. 
Occasionally, there had been some clots, and recently, she had noted the appearance of a 
mass near the anus, which she thought was a hemorrhoid. She consulted her local 
physician, who referred her to a surgeon. A proctoscopy and a biopsy of the anal lesion 
were performed. The biopsy was reported adenocarcinoma of the anus. She was then 
referred to the University Hospital for treatment. 

Examination revealed a moderately obese Negro woman in no acute distress. There 
was a mild hypertension but no evidence of cardiac disease. The abdominal examination 
revealed a large abdomen without tenderness, masses, or muscle spasm. Pelvic examina- 
tion was unremarkable. At the anus, just outside the external sphincter, an ulcerating 
tumor 2 em, in diameter was found. On digital examination, this mass was found to in- 
vade the external sphincter and the lower 2 em. of the rectal mucosa. Proctoscopy showed 
a normal rectum up to six inches. A biopsy was taken and reported as adenocarcinoma, 
grade 2. 

Admission laboratory work was within normal limits. Chest roentgenogram was 
normal. 

It was felt that this woman had a low-lying rectal carcinoma which had invaded the 
sphineter and anal skin. She was then prepared for large-bowel surgery. At exploration, 
a large, uleerating, annular tumor in the sigmoid colon was found at the brim of the 
pelvis. There were numerous lymph nodes along both iliae arteries and the aorta. A 
segment of small bowel, approximately 20 em. from the ileocecal valve, was adherent to the 
tumor. The uterus, tubes, and ovaries were normal. There were no tumor nodules or 
implants on the pelvic peritoneum, The rectum beneath the tumor mass was freely 
movable, and no tumor could be felt in the rectum itself. There was no evidence of any 
liver metastases. A radical abdominoperineal resection of the sigmoid and rectum with 
ligation of the inferior mesenteric artery and resection of the involved segment of small 
bowel was performed. 

Examination of the specimen after removal proved to be most interesting (Fig. 1). 
The large tumor mass in the sigmoid colon appeared to be the primary tumor, whereas the 
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tumor that had presented at the anus appeared to be a drop metastasis which had im- 
bedded itself in an anal crypt (Fig. 2.). The final pathology report was mucoid adeno- 
carcinoma of the rectosigmoid, grade 3, with metastasis to the anorectal junction. Two 
lymph nodes in the specimen showed metastases. There was one lymph node at the level 
of the tumor and one distal to it (Fig. 3.). Thirty-nine lymph nodes, including all of 
those from the most proximal point of the dissection, were free of tumor, 
This patient’s postoperative course was uneventful. She was examined nine months 
following this surgery, and all wounds were well healed and there was no evidence of any 


residual or recurrent tumor. 





Fig. 1—Appearance of specimen after removal. The bowel has been opened along the anti- 
mesenteric border to show the sigmoid lesion and the anal metastasis. 


DISCUSSION 


The usual methods of metastasis are by the lymph channels, by the blood 
stream, and by implantation. The common method of implantation metastasis 
oecurs by mechanical transport across serous cavities, as, for example, seed- 
ing of the peritoneum with multiple nodules of a primary ovarian tumor or the 
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Fig. 2.—Closer view of the anus and lower rectum showing the metastatic lesion at the anus. 
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Fig. 3.—Diagram of Fig. 1 illustrating the route of the metastases. 
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growth of tumor cells within serous exudates and transudates. We should not 
forget, as pointed out by Cole,? the danger of implantation of desquamated 
tumor cells at the suture lines and in the incisions of colon resections. 

Willis® stated that it is inherently improbable for tissue grafts to take on 
intact surfaces bathed by digestive juices and mucus and rich in bacteria, and 
that we must apply the greatest stringency in judging alleged instances of 
tumor implantation in the alimentary canal. He noted that eritical examina- 
tion of such cases shows that the supposed implants should be attributed either 
to multiple primary tumor formation, or to transeelomic or vascular metastases. 

Certainly the implantation of tumor cells on intact mucosal surfaces must 
be rare. The presence of tumor cells within the lumen of the bowel, however, 
has been frequently demonstrated, and Wisseman® has advocated a cytologic 
technique in the diagnosis of cancer of the descending colon, sigmoid, and 
rectum. Perhaps a break in the mucosal surface is necessary before im- 
plantation occurs. In the case reported by Guiss,* the tumor cells were im- 
planted within a fistula in ano. In this case report, the implantation occurred 
either in an anal crypt, or a fistula in ano, although there was no history of 
such a fistula. 

Rossle,* in an excellent review of this subject, reported a number of in- 
stances of metastases of malignant tumors by the mucosal route. He reported 
a case of a metastatic renal tumor that metastasized to the mucosa of the 
ureter. In another of his cases, a primary cancer of the cardia showed over 
10C miliary metastases of the mucosa in which neoplastic cells penetrated into 
the stomach glands. Roéssle attributed this type of metastasis to the fact that 
the neoplasms are of an extremely high grade of malignaney and that their 
cells can destroy normal mucosal epithelium on contact. Such a destructive 
growth must, consequently, be regarded as the highest grade of malignancy. 
The fact that this grade is seldom reached in human tumors explains the 
rarity of metastasis by the mucosal route. 

There are no other unusual features in this ease or in the case reported by 
Guiss that suggest an unusual high grade of malignant tumor. In both eases, 
however, we have evidence that the implantation occurred in an area where 
there was a break in the epithelium. 

Another aspect of this case is the single metastatic lymph node between 
the primary lesion and the anal lesion (Fig. 3). According to Ackerman,’ 
retrograde lymphatic metastases do not occur in lesions of the colon and 
rectum until the proximal lymphaties and lymph nodes are filled and blocked 
with tumor cells. If this be true, then the metastatic tumor cells in this 
lymph node must have come from the anal lesion, as only one of the thirty-four 
proximal lymph nodes contained tumor cells. 


SUMMARY 


l. A ease of adenocarcinoma of the sigmoid colon with drop metastasis to 
an anal erypt treated by abdominoperineal sigmoidoproctectomy is reported. 
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2. There is some evidence to show that the mucosal or drop type of 
metastasis will occur only if there is a break in the epithelium prior to im- 
plantation. 

3. Such cases must be more common than has been reported, and by the 
study of more cases we may be better able to explain their occurrence. 
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A CASE REPORT OF TWO SPHERICAL DUPLICATIONS OF THE 
SECOND PORTION OF THE DUODENUM IN A 54-YEAR-OLD 
PATIENT 


H. M. Broker, M.D., ano L. J. Hay, M.D.,* Mrnneapo.is, MINN. 


T IS our purpose to report a case which suggests that duplication of the 
duodenum should be considered in the differential diagnosis of massive upper 
gastrointestinal hemorrhage or chronic intestinal obstruction. Familiarity with 
this entity permits surgical repair by a simple operation avoiding a high mortality 
and morbidity. 
CASE REPORT 


E. C. is a 54-year-old white man, who was admitted to the Minneapolis Veterans 
Administration Hospital on Sept. 30, 1953, because of epigastric pain and vomiting. The 
history on admission revealed that for the past eight or ten years he had had episodes of pain 
which had reeurred once or twice a year. The present episode began two months prior to 
admission. He had had a burning epigastric sensation which radiated to the upper back and 
a sensation of a lump between his shoulder blades. These discomforts usually began shortly 
after the evening meal, and would frequently culminate in vomiting, which would relieve the 
His bowel habits were 


2 


distress. The patient had been on ulcer management without relief 
normal, and there had been no jaundice or hematemesis. 

Past Medical History.—The patient stated that he had always suffered from ‘‘ stomach 
trouble.’’ As an infant, he had vomiting after each feeding. Feedings at frequent intervals 
throughout the day and night resulted in less vomiting and in a slow gain in weight. For 
the first seven years of life the patient was able to take very little food except milk and 
bread. Any amount of solid food would cause him to vomit. After the age of 7, the vomiting 
episodes became less frequent and severe. In 1944 he had right upper quadrant postprandial 
pain without vomiting. Roentgenogram was reported as showing a deformity of the duodenal 
cap. During subsequent admissions, he continued to experience similar distress and was 
studied on several occasions without a definite conclusion being reached. Cholecystograms 
were negative. In 1947 he experienced vomiting and pain similar to those described on the 
present admission and responded to symptomatic treatment. At that time cholecystogram 
showed a poorly functioning gall bladder. The gastrointestinal series showed a large 
duodenal bulb, but it was considered otherwise negative. In 1949 a gastrointestinal series 
was reported as showing duodenal irritability, and the symptoms responded to symptomatic 
management. In December, 1952, a gastrointestinal series showed a narrowing of the second 
portion of the duodenum which could not be explained. The twelve-hour night gastric 
aspiration was 1,040 c.c. 

Physical Examination.—The patient did not appear to be acutely ill, but did complain 
of epigastric distress. Examination of the abdomen revealed a nontender liver palpable one to 
two fingerbreadths below the costal margin. No fluid was noted in the abdomen and it did 
not appear to be distended. The spleen and kidneys were not palpable and there were no 
palpable tumor masses. There was slight tenderness in the epigastric region but no muscle 
spasm or rigidity. 

Received for publication Dec. 27, 1954. 
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Hospital Cowrse.—The patient was given a bland diet and Banthine. On this regimen 
he continued to vomit two to three times a day and his diet was eventually reduced to hourly 
feedings of skim milk. A gastrointestinal series on Oct. 5, 1953, revealed persistent narrow- 
ing of the second portion of the duodenum. A twelve-hour night secretion was 700 c.c. After 
the vomiting was controlled on the skim milk regimen, his diet was gradually increased, and 
although he again experienced distress and fullness, no further vomiting occurred. He gained 
fifteen pounds. 

At laparotomy on Nov. 9, 1953, two cysts measuring 3 by 3 cm. and 2 by 3 em. were 
found in the second portion of the duodenum. These had no communication with the duodenum. 
The cysts contained a clear mucoid secretion. By their size they nearly occluded the lumen 
of the duodenum; however, there was no evidence of necrosis of the cysts’ walls or scarring 
of the duodenum. A windowing procedure was performed with an unroofing of the duplication 
to its widest diameter similar to the method described by Gardner and Hart.2 The mucosa 
of the duodenum was sutured to the mucosa of the duplication with interrupted catgut sutures. 
The postoperative course was uneventful. The patient has been followed for approximately 
one year without any recurrence of digestive complaints. 






Duplication 
Cysts 


Fig. 1.—Diagram showing the two cysts located in the second portion of the duodenum. 
a nearly occlude the duodenum by protruding into the lumen from the medial and lateral 
sides. 


Suture 
Lines 





_ Fig. 2.—Diagram showing the postoperative result of the excision of the intraluminal 
portion of the cyst. The duplication was unroofed to its widest diameter. The mucosa of the 
duodenum was sutured to the mucosa of the duplication. Now the duodenal wall is partially 
formed by the outer wall of the cysts. 


Microscopie sections of the septum revealed duodenal mucosa with a small amount of 
the muscularis present in the deep portion. The mucosa was intact throughout with a 
moderate lymphocytic and plasma-cell infiltration of the superficiai portion of the mucosa. 
There were many Brunner’s glands present. In the mucosal lining of the cyst there were 
areas of ulceration and marked lymphocytic infiltration with fibroblastic proliferation and 
scarring throughout the muscular wall. 
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Vig. 3.—Upper gastrointestinal roentgenogram of Oct. 5, 1953, showing the degree of preopera- 
tive duodenal obstruction by a lesion of the second portion of the duodenum. 





N Fig. 4.—Upper gastrointestinal roentgenogram taken Oct. 1, 1954, showing the obstruc- 
tion of the duodenum to be relieved. The stomach empties rapidly. There is no evidence of 
ulceration, 
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DISCUSSION 

There are certain features that are characteristic of all duplications. They 
are contiguous or strongly adherent to some portion of the alimentary canal, 
have a smooth muscle coat usually of two layers, and are lined by mucosa or 
epithelium similar to some portion of the gastrointestinal tract. 

The microscopic structure bears a striking resemblance to normal bowel, 
having a mucosa, one or several layers of muscle, and often a well-defined serosa. 
The lesions are contiguous with the intestinal tract and have a common wall with 
interlacing muscles. 

They may assume a variety of sizes and shapes. They may consist of a small 
cystic lesion of the size of a bean or pea, or may be massive cystic lesions 
occupying the greater part of the abdominal cavity. Duplications may be 
double-barreled structures communicating with the intestine at both ends. 
Some have been described as eystie structures lying free in the peritoneal cavity, 
attached only by a thin enteric stock. The spherical lesions are contiguous with 
some part of the gut, especially the ileum. Moore® stated that spherical lesions 
do not communicate and are usually lined with iliac or colonie mucosa or both. 
A trained observer examining a specimen of the cystic wall of a duplication may 
be unable to distinguish it from the normal intestine. Ladd and Gross’ pointed 
out that histologically the muscular coats of a duplication are intimately adher- 
ent to and at times are microscopically an integral part of the muscular portion 
of the alimentary canal. 

It is importaut for the surgeon to recognize the pathologic difference be- 
tween an intestinal duplication and a mesenteric cyst. The latter is lymphatic 
in origin having a thin wall and ean readily be separated from. the adjacent 
bowel. 

Fisher! stated that the blood supply to a duplication is usually common 
to the duplication and the contiguous bowel. If a eyst is present, the contents 
may vary from sterile, mucoid, hemorrhagic fluid, to: pus containing colon 
bacilli. 

Samagio’ reported the incidence of duplication to be the same in males 
and females, ninety-five per cent of duodenal duplications oceur in the con- 
cavity of the duodenum, principally in the second and third portions. 


Symptoms of Duplication of Duodenum.—The symptoms of a duplication 
of the duodenum vary with the loeation of the cyst. Duodenal cysts most fre- 
quently simulate pyloric stenosis. Usually projectile vomiting starts at birth 
or shortly after and it may become persistent. The first abnormality noted 
may be a tumor mass which has not yet caused symptoms. In the case of duo- 
denal eysts, the mass is usually described as a rather large pyloric tumor. The 
size of the tumor mass may make the diagnosis of pylorie stenosis unlikely. An 
abdominal cyst should be suspected when a freely movable or variable mass is 
palpated in the region of the duodenum. If vomiting and abdominal pain oe- 
eur, the likelihood that the mass is a duplication is inereased. An intravenous 
pyelogram will differentiate the mass from a kidney lesion. 
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Usually eysts of the duodenum are noticed during childhood. It should be 
pointed out that tubelike lesions ean encroach upon the adjacent intestine and 
cause obstruction; the lining may secrete and cause pressure necrosis by dis- 
tention of the intestine. Often a cyst may become large enough to encroach on 
the mesenteric blood vessels, causing necrosis, sloughing, and bleediig of the 
intestine. 

Moore and Batterby® stated that symptoms caused by duplication rarely 
lead to a correct diagnosis. The diagnosis is usually an operative one. Moore 
also believes that palpation is unrewarding except when the duplication is of a 
large size or has produced intussusception. 

Gross, Holeomb, and Farber* stated that physical examination often gives 
important information of the location of the lesion and often may strongly 
suggest the proper diagnosis. Cysts of the duodenum and jejunum could be 
palpated in practically all cases. They described the tumor mass as elastic, well 
rounded, and usually nontender, and except in the duodenum the mass is quite 
movable in the abdominal cavity. In each of their cases, physical examination 
revealed the signs of intestinal obstruction. 

Roentgenologic Data.—Upper gastrointestinal roentgenograms show the du- 
plication in relationship to the abdominal organs. Duodenal cysts reveal definite 
evidence of obstruction. Distended loops of bowel in the location of the ob- 
struction give some idea of the level of the lesion. The duplication ean be 
visualized only if it is quite large. It is rare to have barium enter the lumen 
of a duplication and identify it. Ladd and Gross’ believe that as much can 
be learned from a flat plate of the abdomen in the posteroanterior plane as 
ean be determined by a barium gastrointestinal series. 

Treatment.—Obviously the treatment of these lesions is surgical. Two 
important facts are again stressed and these are: first, the duplication and 
the intestine usually have a common wall at one point and the two cannot be 
dissected apart with safety; second, the blood vessels may course over the 
eyst; henee, local removal of the cyst may produce ischemia with necrosis of 
the intestine. Ladd and Gross believe that total excision of the mass with the 
adjacent portion of the intestine is the treatment of choice. This is based on 
the belief that the mass cannot be enucleated without danger of perforation and 
the danger of leaving an ischemic area. 

The treatment of duplication can be resolved into four possibilities: (1) 
The cyst may be resected together with the adjacent intestine. This is the most 
practical and most successful form of treatment. (2) Cysts may be marsupial- 
ized. Subsequent resection is usually required as the cysts return. (3) Cysts 
may be changed into diverticula by excising the common wall. A finding of 
gastric mucosa or pancreatic nests in the wall to be left would contraindicate 
this procedure. (4) Duplication may be enucleated. 

Gardner and Hart? suggested that when resection of the lesion is not pos- 
sible, the procedure of choice is internal drainage of the cyst into the intestinal 
tract. Drainage may be accomplished by anastomosis between the eyst and the 
duodenal lumen. In the ease of their patient treated by internal drainage, 
the patient was asymptomatic fifteen months later. The procedure in the pa- 
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tient we are reporting is similar to that performed by Gardner and Hart. We 
attempted to create more than a window for drainage. In our ease the entire 
common wall that existed between the cyst and the duodenum was removed to 
the widest margin of the cyst. It is felt that this treatment is sufficient in the 
spherical duplications contiguous with the bowel wall and having a common 
wall with the bowel. 

The cause of the high mortality in duplication can be summarized as follows: 
Most infants with intestinal abnormalities are born prematurely, and are in 
poor condition for surgery. Often there are other abnormalities present in 
these infants. Delay in operation and tardy diagnosis contribute to the poor 
prognosis. Inadequate preoperative and supportive therapy, operative inde- 
cision, and unphysiologie operations also contribute to the high mortality. 


SUMMARY 


A ease of a 54-year-old man with two spherical duplications of the duode- 
num has been presented. The pathology, symptoms, diagnosis, and treatment 
of duplication of the duodenum are reviewed. Excision of the common wall 
between the eyst and the duodenum is recommended as a simple procedure when 
its employment is feasible. 
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A STUDY OF DELIBERATE HYPOTENSION IN ANESTHESIA, WITH 
SPECIAL CONSIDERATION OF SURGICAL BLOOD LOSS IN 
COMPARABLE GROUPS OF NORMOTENSIVE AND 

HYPOTENSIVE ANESTHESIA 


PETER SAFAR, M.D.,* Bautrimore, Mbp. 


(From the Department of Anesthesiology, Instituto Nacional de Enfermedades Neoplasicas, 
Lima, Peru, and the Division of Anesthesiology, John Hopkins University School of 
Medicine, Baltimore) 


I‘ RECENT years various techniques have been used to reduce the arterial 
blood pressure during surgical operations. These techniques, which have been 
ealled ‘‘deliberate hypotension,’’ ‘‘controlled hypotension,’’ or ‘‘ hypotensive 
anesthesia,’’ have been adopted with the idea that one or all of the following 
benefits might be achieved: (1) production of a bloodless field at operation, 
which would facilitate the surgeon’s work and reduce the operating time; (2) 
a decrease of the amount of blood lost, which would obviate the necessity of blood 
transfusion with its attendant hazards and expenses; (3) rendering operable 
those patients who would otherwise be inoperable because of inaccessability of 
the lesion and the danger of massive hemorrhage. 

Although there have been many published reports of operations performed 
with these techniques, seldom has there been an analysis of the degree to which 
these goals actually have been attained. The majority of operations reported in 
the literature could be also safely performed with conventional anesthesia. In 
an attempt to provide objective data related to the previously listed factors, 
controlled hypotension was provided for a standardized type of operation for 
which a control series was readily available, radical mastectomy. In addition, 
our experience with controlled hypotension for other operations is reported, to 
define, if possible, the indications, limitations, and complications of this method 
of management. 

GENERAL CONSIDERATIONS 

There is evidence that hypotension entails little hazard in the presence of 
vasodilation and normal cireulating blood volume.':? There is a basic differ- 
enee® between the hypotension resulting from deliberate blood letting,* whieh 
actually imitates hemorrhagic shock, and that produced by decreasing sym- 
pathetic tone to blood vessels either with ganglionic blocking agents*-* or with 
spinal anesthesia.’° In the former instance (blood letting) progressive com- 
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pensatory vasoconstriction leads to tissue ischemia and ultimately, if allowed 
to persist, to irreversible tissue damage. Vasodilation, on the other hand, 
probably ensures adequate tissue perfusion, which is evidenced clinically, at 
least in the periphery, by a warm, dry, and pink skin, dilated veins, and a 
satisfactory capillary refill time. For these reasons we have chosen to produce 
hypotension in our study by means of a ganglionic blocking agent, hexametho- 
nium bromide (C,*) with modification of the technique first described by 
Enderby.** Since it is not always possible to lower the pressure to the desired 
level by mere injection of Cy, the technique includes posturing the patient in 
such a way that the operative field lies uppermost. This combination lowers the 
blood pressure and renders the operative field relatively ischemic. Other devices 
employed to inerease the hypotensive effect of C, are general anesthetic agents, 
opiates, and natural curare drugs. 


METHOD AND MATERIAL 

The basis of this report is provided by the first fifty-three operations per- 
formed under controlled hypotension at the Cancer Hospital in Lima, Peru, in 
1953 (Table I). Of these, twenty were radical mastectomies (patients Nos. 1 
to 20, Table It), for which a satisfactory control group of twenty operations 
with normotensive anesthesia was obtained by alternating selection of cases. In 
the mastectomy group, patients with unusual extension of the breast lesions, 
with extremes of body weight, and those in whom hypotension below 80 mm. Hg 
systolic could not be produced are not ineluded in this study. Conditions were 
maintained as nearly alike as possible in the two groups. Exeept for the 
hypotension in the studied group, the anesthetic techniques were the same. 
Identical surgical techniques were applied to the two groups by the same sur- 
geon and assistant. 

Cases No. 23 to 32 of Table I are instances of fairly well-standardized 
thoracic operations for wich there were controls but not with the comparability 
of those in the mastectomy series. Surgical technique, surgeon, and assistant 
were also identical in this group. , 

Finally, Cases No. 33 to 53 of Table I represent operations for which 
satisfactory controls were not available but which provide a basis for under- 
standing of the over-all problem. 

In all operations the degree of facilitation of surgery was estimated by the 
surgeons. Blood loss was measured’ by the gravimetric technique first described 
by Wangensteen’ in all but the neurosurgical operations. 

Patients selected for controlled hypotension had a careful medical checkup 
including an electrocardiogram before operation. All fifty-three patients were 
young or middle-aged adults. Patients with anemia, obviously deficient blood 
volume, abnormal electrocardiogram, history of angina pectoris, evidence of renal 


*Bistrium (hemamethonium bromide) was supplied by Casa Squibb, Lima, Peru, for 
study. 

jIn Cases 21 and 22 hypotension was unsuccessful; they are not included in the com- 
parative study. 
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disease, severe complicated hypertension, and severe arteriosclerosis were not 
submitted to hypotensive anesthesia, but some of these conditions were present 
in the control group. 
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1.—Record of a satisfactory hypotensive anesthesia. 


TECHNIQUE OF HYPOTENSIVE ANESTHESIA 

Fig. 1 represents a chart of a satisfactorily controlled hypotension. 
Premedication.—All patients were premedicated individually with morphine, 
usually 10 mg., and scopolamine or atropine, usually 0.5 mg., one hour before 
Anesthesia.—Induction and endotracheal intubation were performed with 
thiopental (200 to 500 mg.) and sueccinylecholine chloride (40 to 60 mg.). Im- 








Volume 37 RECENT ADVANCES IN SURGERY 1005 
mediately after intubation, ether and oxygen were given by closed circle, the 
patient breathing spontaneously. Whenever the respirations appeared depressed 
they were assisted. All thoracotomies were performed under controlled respira- 
tions. Otherwise, spontaneous respirations were preferred since their alterations 
might serve as a warning sign of cerebral ischemia under hypotension and a 
sign of depth of anesthesia. The endotracheal airway was considered essential 
for the safety of this technique. Optimal oxygenation and absorption of CO. 
were stressed. N,O was avoided to keep the oxygen concentration as high as 
possible. Cyclopropane was not used, as it may raise the blood pressure, except 
in the latter part of thoracotomies, when it was used while the blood pressure was 
allowed to rise. 






































Fig. 2.—Positions for operations on breast (1 and 2), head and neck (2), thorax (3), back (4), 
perineum (5), upper abdomen (6), lower abdomen (7). 


Hypotension.—When second plane of third-stage ether anesthesia was 
stabilized, 50 mg. of C, was injected intravenously slowly (over about thirty 
seconds). In previously hypertensive patients and those with very low body 
weight, only 25 mg. was injected. After this injection a finger remained con- 
tinuously on the pulse. The blood pressure was checked every thirty seconds; if 
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it was unchanged or raised two minutes after this first dose, another 25 mg. 
of C, was injected intravenously and another 25 mg. every two minutes until 
the slightest fall of blood pressure could be noted. At that moment the table 
was tilted into one of the positions demonstrated in Fig. 2 (for instance, for 
mastectomy into reverse Trendelenburg position of about fifteen to twenty degrees 
and turned lateral to elevate the side of operation). This change of posture 
usually dropped the blood pressure in the brachial artery considerably. The 
objective was a systolic blood pressure of between 50 and 70 mm. Hg. The 
incision was made only after the hypotension was induced and stabilized. The 
color of the arterial blood should be bright pink on incision, while the venous 
blood is usually very dark (slower blood flow, increased arteriovenous oxygen 
difference). The desired blood pressure level was controlled thereafter as much 
as possible only by increasing or decreasing the degree of tilt. To avoid change 
of the operative field, only the legs were moved occasionally after surgery was 
begun (Fig. 2). 

If, within the first minutes after tilting, the blood pressure became unobtain- 
able and/or the radial pulse disappeared, the degree of tilt was reduced. If 
necessary, the table was turned into Trendelenburg position and the intravenous 
fluids were speeded up. This usually was effective. If not, vasopressor drugs 
were used intravenously with caution; no more than 3 mg. of Vasoxyl, for in- 
stance, at a time. In the face of ganglionic blockade, vasopressors may cause 
excessive rise in blood pressure sometimes to dangerously high levels, which, by 
changing the cireulatory balance, may do more harm than good. 

When hypotension was accompanied by difficulty in measuring pressure by 
auscultation, measurements were made by palpation and oscillation. The blood 
pressure was not allowed to drop below 40 mm. H¢g systolic. It is essential 
to obtain adequate hypotension from the initial dose of Cy. Within thirty 
minutes the blood pressure usually will begin to rise, and subsequent doses of C, 
are likely to be ineffective in lowering it again. In such instances intravenous 
morphine (5 mg.), d-tubocurarine, and controlled respirations in thoracic and 
abdominal operations were used at times to supplement the hypotensive effect of 
C, and posture. 

Blood was replaced as it was lost. It was felt that a blood loss of more 
than 200 ¢.c. should not remain unreplaced under controlled hypotension. In 
anemic patients even more blood was given than was lost. When the resection 
was finished, the patient was restored to the horizontal or, if necessary, into 
slight Trendelenburg position. This action, in most instances, promptly raised 
the blood pressure to between 90 and 100 mm. He systolic. Only if the blood 
pressure did not stay above 90 was a pressor drug employed cautiously, avoiding 
an excessive overshooting effect. Intramuscular doses of 10 mg. of Vasoxyl or 
Methedrine were preferred over intravenous drip techniques. The latter 
may cause a more abrupt hypertension, which may present, postoperatively, a 
considerable burden for the nursing personnel. In previously hypertensive 
patients the postoperative objective was a blood pressure above 100-110 mm. Hg 
systolic. 
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Horizontal or slight Trendelenburg position was maintained during the 
postoperative period until diuresis started, the blood pressure became stabilized, 
and mydriasis and pupillary paralysis disappeared (all signs of cessation of gan- 
glionic blockade). 
DATA 


Failure to produce hypotension below 80 mm. Hg systolie for a sufficient 
period of time was seen in eight operations (Nos. 7, 21, 22, 36, 37, 44, 49, 53 of 
Table I). In the others the blood pressure was lowered satisfactorily. The 
essential data of all fifty-three operations are summarized in Table I, those of the 
operations used for the controlled study in Tables II and III. 


TABLE II. DATA ON Forty TypicAL RADICAL MASTECTOMIES PERFORMED WITH AND WITHOUT 
HYPOTENSIVE ANESTHESIA 








20 MASTECTOMIES 


20 MASTECTOMIES 








HYPOTENSIVE NORMAL 
ANESTHESIA ANESTHESIA 
MIN. | MAX. | AVG. | MIN. | MAX. | AVG. 
1. Surgical blood loss (measured) (c.c.) 162 720 421 773 1,316 883 
2. Duration of operation (min.) S0 240 143 = 120 255 169 
3. Duration of resective part of operation (min.) 40 90 67 60 140 = 90 
4. Total number of clamps used for hemostasis 110 =: 166 134 198 235 222 
5. Excessive hemorrhagic wound drainage postop. 1 2 
(no. of cases) ’ 
6. Severe postop. hemorrhage (no. of cases) 0 1 
7. Thrombophlebitis postop. (no. of cases) 0 1 
8. Slight pulmonary complication postop. 1 1 


(no. of cases) 





TABLE III. 


MEASURED SuRGICAL BLOOD Loss OF TYPICAL OPERATIONS 








SATISFACTORY HYPO- 
TENSIVE ANESTHESIA 


NORMAL ANESTHESIA 


























No. | TOTAL BLOOD LOSS | yo, | TOTAL BLOOD LOSS 
OF (C.C.) OF (C.C.) 
TYPE OF OPERATION CASES| MIN. | MAX, | AVG. |CASES| MIN. | MAX, | AVG. 
1. Radical mastectomy 20 162 720 421 20 773 1,816 883 
2. Thoracotomy—incision alone 13 24 340 135 12 32 «266 0=—«172 
3. Extirpation of one pulmonary cyst 5 402 506 437 6 490 1,226 721 
(Echinococcus ) 
4. Pneumonectomy (carcinoma) 3 494 788 610 2 1,300 1,890 1,595 
5. Lobectomy 1 - - 279 2 881 934 907 
6. Operation no. 27—hbilateral resection of 1 same patient 


pulmonary cyst (Echinococcus), 1 rt. side total 402 lft. side total 1,226 


cyst each side, approximately same rt. incision 194 lft. incision 246 
size 
7. Operation no. 32—bilateral resection of 1 same patient 
multiple pulmonary cysts (Echino- rt. side (18 cysts) lft. side (6 cysts) 
coccus ) total 945 total 684 
rt. incision 130 lft. incision 196 





Blood Loss and Facilitation of Surgery.—The total blood loss was lower in 
all cases of satisfactory hypotension (below 80), as compared with normotensive 
anesthesias, but a completely dry field was never seen, even with a systolic blood 
pressure as low as 40 mm. Hg. The reduction of blood loss was not always 
related to the degree of hypotension (Fig. 3). Case No. 18 is an example of 
considerable bleeding with a blood pressure of 60, and in Case No. 16 ischemia 
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seemed excellent with a blood pressure around 80. In general, if in previously 
normotensive persons the systolic blood pressure was lowered only to 80 or 90 
mm. Hg the small vessels sometimes oozed diffusely, even in the elevated area. 
This did not facilitate hemostasis and dissection even though the total blood loss 
was reduced. It is felt, therefore, that in previously normotensive individuals, 
blood pressure levels of between 45 and 65 mm. Hg are necessary to assist surgery 
significantly. In previously hypertensive patients, surgery may be assisted with 
a blood pressure of about 80 mm. Hg. Whenever the operative site could not 
be elevated, ischemia was not impressive (abdominal surgery ). 
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Fig. 3.—Relationship between blood loss and degree of hypotension in radical mastectomies. 


In radical mastectomies under controlled hypotension (Table II) the bleed- 
ing points could be clamped more easily since with slower bleeding they were 
more readily seen. Fewer clamps were used. The time required for resection 
was shorter. The total operating time was reduced by an average of twenty- 
six minutes. The blood loss, which ranged from 162 ¢.c. to 720 ¢.c., was smaller 
in all hypotensive eases than in the driest normotensive one. Eight of the twenty 
patients lost more than 500 ¢.c. The difference in blood loss between the 
hypotensive and normotensive groups averaged 462 ¢.c. Blood transfusion was 
considered necessary in all patients but one of the hypotensive group (No. 15). 

In all intrathoracic operations the total blood loss was considerably reduced 
(Table III), particularly in the more extensive resections, by the use of con- 
trolled hypotension. Bleeding from incision of the chest wall varied greatly in 
both groups, from 24 to 340 ¢.c. in the hypotensive group, from 32 to 266 e.e. 
in the normotensive group. The dissection of pleural adhesions and particularly 
of the structures about the hilus was always much facilitated by hypotension. 
There was less oozing from interstitial tissues. The large vessels in the hilus 
(pulmonary vein and artery) were soft and more easily separable. This observa- 
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tion is in agreement with the lower pulmonary artery pressures measured under 
similar conditions in man.'* No operation in either group produced any sig- 
nificant reflex circulatory disturbance. 

The data on two patients with bilateral thoracotomies for multiple hydatid 
eysts of both lungs are seen in Table III. These patients served as their own 
controls, one side being performed under normal anesthesia, the other under 
controlled hypotension. 

In neurosurgery our experience was limited to seven patients. Bleeding 
from the venous sinuses, a not uncommon surgical complication, appeared un- 
changed even with an arterial blood pressure of 40 mm. Hg. Central venous 
pressure has been found by others to be unchanged under this technique.'® The 
resection of brain tumors was definitely facilitated as long as only small vessels 
were involved. Profuse arterial bleeding from the intracranial carotid artery 
during resection of a cirsoid aneurysm (No. 48) with blood pressures of 
between 40 and 60 mm. He could be controlled only by compression and ligation 
of the common earotid artery at the neck. Cardiae action became very poor 
with arrest, perhaps imminent on two oceasions, since pressure transfusions could 
not keep up with the rate of blood loss. 

In the three radical abdominal operations (Nos. 51, 52, 53) ischemia seemed 
fair as long as large vessels were not injured. The pelvic veins bled profusely. 
The liver tissue on excision of an enormous Eechinococeus eyst of the liver (No. 
51) bled less after hypotension was induced during the operation. The surgeon 
had considered this cyst as not resectable. Hypotension enabled surgical resec- 
tion and cure from a lesion which otherwise, if only drained, results in morbidity 
of months or years. 

The extensive tumor surgery in Cases Nos. 34, 37, 40, 41 was performed 
with great rapidity, and it was felt that blood was saved by having chosen 
deliberate hypotension. The lesion in Patient No. 37 was made resectable only 
by the choice of this technique. 


Observations Concerning the Management of Hypotensive Anesthesia — 
Usually less anesthetic agent was required for the patients under controlled 
hypotension. 

The blood pressure and radial pulse became unobtainable in three cases in 
the absence of hemorrhage, soon after the induction dose of C, was given (Nos. 
5, 10, 42), while respirations, patient’s color, skin temperature, and capillary 
refill time remained unchanged and the temporal pulse remained palpable. The 
blood pressure recovered in all these instances immediately after the legs were 
raised. 

A single injection of Cy, produced some blood pressure response within two 
minutes after intravenous injection. The maximal hypotension was evident 
about five to seven minutes after injection. Several doses injected within two- 
minute intervals seemed to be additive, without producing the tachyphylaxis, 
which was seen after repeated injections later. 
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The first injection of C, in four cases (Nos. 20, 23, 25, 31) was followed by 
an initial rise of the blood pressure within two to four minutes after injection, 
hypotension coming on thereafter following the positioning of the patient and 
the adding of subsequent doses of Cy. 

In about one-half our patients in whom the blood presure was easily lowered 
with C,, the pentothal induction dose had failed to produce such an effect. 
The hypotensive effect of pentothal might have escaped our attention at times, 
because of the blood pressure rise from endotracheal intubation and succinyl- 
choline. 

The heart rate increased within thirty seconds after injection of the first 
dose of C, in forty-four of the fifty-three cases (83 per cent), remained unchanged 
in seven, and was slowed in two. In fifteen cases tiie heart rate increased by 
more than 40 beats per minute, in one by 80 beats per minute. The peak tachy- 
cardia occurred always immediately and leveled off thereafter spontaneously in 
all cases usually to a rate between 100 and 120. This tachycardia occurred even 
when the blood pressure remained unchanged. It was not reproduced or in- 
ereased by subsequent doses of Cg. 

Twenty to thirty seconds after injection of the first dose of Cy we observed 
occasionally one to two deep breaths followed by a short period of irregular 
resmrations, whether or not the blood pressure was unchanged. This was some- 
times observed also after subsequent doses. 

The pupils started dilating about sixty seconds after the first injection, and 
either maximal mydriasis developed within the following five minutes, or slight 
mydriasis was increased by subsequent doses. Postoperatively the mydriasis and 
pupillary paralysis disappeared gradually within six to twelve hours. The degree 
of mydriasis was not necessarily related to the degree of hypotension. 

Postoperative recovery of consciousness was slightly slower in the hypoten- 
sive groups, although usually the patients reacted and obeyed simple orders 
at the end of operation. No clinically impressive difference in postoperative 
pain and restlessness was observed in either group of patients. Most patients 
showed slight hypothermia at the end of operation. The lowest temperature ob- 
served was in Patient No. 12, who had a temperature of 35° C. (95° F.) for 
several hours. 

Diuresis started promptly in all but two instances as soon as the blood 
pressure recovered above 80 mm. Hg systolic and the patient became conscious. 
It also occurred after hypotension of between 40 and 50 mm. Hg systolic for 
two hours or more. Amount and onset of diuresis were in no relation to the 
degree of hypotension during operation or to the dose of C, injected. Patients 
under the influence of C, with systolic blood pressures above 90 mm. Hg seemed 
to produce more urine in the early postoperative hours than those after normal 
anesthesia. This statement is based only on routine input/output records. 

Postoperative Complications.—There were two deaths in this series: One 
postoperative reactive hemorrhage after what appeared to be adequate hemostasis 
(No. 35); one uncontrollable postoperative hemorrhage after inadequate hemo- 
stasis (surgical error) (No. 52). 
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One bronchopneumonia, mild, was controlled within two days. Two pro- 
longed postoperative hypotensions occurred (twenty-four and seventy-two hours), 
probably explained by poor urinary output and slow elimination of Cs. Both 
patients hac an otherwise uneventful recovery. 

In forty-eight operations the recovery from anesthesia was uncomplicated. 
Rough clinical follow-up after operation revealed no organic damage which 
could be attributed to the anesthetic technique, but function tests of vital organs 
were not performed as a routine. 


DISCUSSION 


Spinal anesthesia was not chosen for the production of vasoparalysis for 
the following reasons: It would have to be combined with general endotracheal 
anesthesia for operations on the upper half of the body and this would have 
made the technique more complicated. Theoretically, spinal anesthesia produces 
a less complete sympathetic block’® and no interruption of certain parasym- 
pathetic impulses, while ganglionic blocking agents are supposed to block both 
parts of the autonomic nervous system, causing ‘‘stabilization.’’ 

It is surprising how frequently blood pressure is maintained at normal 
levels in the face of either spinal anesthesia or ganglionic blocking agents. In 
resistant cases, morphine or d-tubocurarine seems a more logical supplementation 
of C, than a relative overdose of the anesthetic agent or controlled respirations. 
The latter factors reduce the blood pressure not only by vasoparalysis but by 
direct depression of the myocardium and reduction of venous return to the 
heart, which may lead unexpectedly to cardiae arrest. A later case in my 
experience demonstrated such a complication. If pooling of blood into the 
lower extremities by posture alone is unsuccessful, suction applied to the legs, 
which has been recommended by others,'’ may be used. 

Moment-to-moment observation of the vital signs is essential to detect 
warning signs of cerebral and coronary ischemia. Sudden eardiae arrest may 
follow if the blood pressure is not raised immediately. This is illustrated by an 
episode in Patient No. 13: After fifteen minutes of hypotension of 50, the pulse 
became slow and irregular, respirations fast, deep, and gasping, and the patient 
was sweating profusely, while the pupils were only moderately dilated. These 
latter signs made us believe that ganglionic block was incomplete. Turning the 
patient into horizontal position raised the blood pressure immediately to 70 and 
all these signs disappeared. 

The response to a single dose of C, varied greatly from patient to patient. 
Hypertensive, old, and arteriosclerotie individuals are much more sensitive than 
young normotensive ones. Two extremes in our experience demonstrate this: 
One severe hypertensive patient (not in this series) reeeived (during an 
abdominal operation under cyclopropane-ether anesthesia), because of progres- 
sive rise of the blood pressure, 6 mg. C, intravenously which dropped the systolic 
blood pressure from 210 to 80 mm. Hg without change of position. Other 
patients (Table I) received more than 200 mg. of C, without significant hypo- 
tensive response. Because of this unpredictable response, and to avoid an 
excessive first dose, we have induced hypotension by ‘‘titration,’’ as described 
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previously. The table was not tilted at the very moment of injection of C, since 
disappearance of the pulse was occasionally observed. Venous return to the 
heart was probably too suddenly reduced. Nor was the table tilted before the 
injection of C, because we had the impression that occasionally induction of 
hypotension was more difficult then, perhaps because compensatory vasomotor 
tone was provoked by the change of posture. 

The degrees of mydriasis and paralysis of the pupils seem to be fairly 
reliable indications of the blood concentration of Cy. 

The oceasional initial hypertension, tachyeardia, and respiratory changes 
seen after the injection of C, may theoretically be explained by a hyperactive 
carotid sinus reflex, initiated by a slight momentary hypotension from the first 
dose, while the ganglionie block is still incomplete. 

It is often difficult to decide whether hypotensive anesthesia is justified 
before the exploratory part of surgery has been accomplished. We believe it 
is safe to induce hypotension at that time (Cases Nos. 39, 51) if the surgeon 
stops working until the low blood pressure is stabilized. If possible, the gan- 
glionie blocking agent should certainly not be given during active hemorrhage. 

The two deaths in this series occurred postoperatively. One was due to 
employment of the hypotensive technique (No. 35): after an uneventful thoracic 
operation the chest wall was closed with what appeared to be adequate hemo- 
stasis, with a blood pressure of 90 mm. Hg systolic; since the blood pressure did 
not rise higher during closure, two doses of 10 mg. Vasoxyl each were given 
intramuscularly. Fifty minutes after the end of operation, cardiac arrest 
occurred, and when the chest was opened, about 2,000 ¢.c. of blood was found 
in the pleural cavity and the heart was empty and in maximal systole. The 
bleeding came from the chest wall. The clinical signs of shock were altered by 
C,;. Peripheral vasoconstriction, sweat, and pallor were absent and _ the 
progressive drop of blood pressure not detected in time because of these factors 
and incompetent attention. The drainage tube from the chest had remained 
clamped by mistake. It is felt this patient could have been saved by immediate 
thoracotomy if the bleeding had been recognized in time. The Vasoxyl given 
after hemostasis could have been a causative factor in this reactive hemorrhage. 
There is evidence that rapid massive hemorrhage and/or asphyxia,”! to a degree 
which the normal organism survives, can lead, under C, hypotension, to death 
from rapid collapse of circulation and respiration. This is probably due to 
the blockade of the svmpathoadrenal protective mechanism.” This was demon- 
strated also by two other cases of hemorrhage from large vessels (Nos. 48, 52). 
On the other hand, there is some evidence that autonomic blockade may protect 
against shoeck from trauma or hemorrhage.?? This still remains to be proved. 
In general, a blood pressure of 90 to 100 mm. Hg in a previously normotensive 
person seems adequate to show all bleeding points and permit meticulous hemo- 
stasis. Theoretically, during recovery from vasoparalysis a gradual rise of the 
blood pressure will be accompanied by an increase of vasomotor tone; the vessel 
wall will clamp down on the clot, avoiding its ejection. Nevertheless, reactive 


hemorrhaze is an ever-present possibility with this technique.?* 74 
‘ : { 











Volume 37 RECENT ADVANCES IN SURGERY 1015 
Number 6 

The second death in this series was entirely due to surgical error (No. 52). 
The abdomen was closed without control of diffuse bleeding from pelvic vessels. 

The hazards of this technique are many: sudden eardiae arrest appears 
to be the greatest danger.®* It can be explained by blood volume deficit, pooling 
of blood into veins (loss of venomotor tone),?° and/or deficient coronary blood 
flow. With controlled hypotension the contractile force of the heart seems 
reduced?! and cardiac output is diminished.’* 2° There are few data available 
on blood flow through vital organs during hypotensive anesthesia. Although skin 
blood flow seems to be adequate, blood flow through a vital organ whose vascular 
bed is already damaged may he insufficient. There are observations of myocardial 
infaretion,?*® 742° liver damage,?* 2728 brain damage, including _ blind- 
ness,?* 2* 28:29 and reduced renal blood flow.2* °° We have not seen obvious 
organic damage after systolic blood pressure levels of between 50 and 60 mm. Hg 
for two to three hours and more. This report demonstrates that the majority of 
patients ean survive, but does not reduce the hazard demonstrated by a fair 
number of accidents. 

The perfusion pressure of the brain in reverse Trendelenburg position is 
lower than arterial blood pressure measured at heart level on the arm, due to 
the hydrostatic effect.° 


The cerebral blood flow falls significantly with reduction of mean arterial 
pressure.*! Figures obtained from Finnerty and associates*! show that the critical 
level of cerebral blood flow, below which clinical signs of cerebral ischemia occur 
(hypotension produced by C, and posture in unanesthetized subjects), is fairly 
constant (average 31.5 ¢.c. per 100 grams of brain per minute). The arterial 
hypotension which leads to this critical level, however, varies greatly : from about 
30 mm. Hg mean arterial pressure (at brain level) in previously normotensive 
persons to about 90 mm. Hg in previously hypertensive persons.*! 

In analyzing the data on blood loss it is recognized that the amount of 
hemorrhage varied a great deal from patient to patient under normal anesthesia 
in standard operations. These differences cannot be entirely explained by dif- 
ferences of body constitution, blood pressure, or type of anesthesia. An im- 
portant factor related to blood loss is the vascular status of the tissue involved. 
An instance of this may be the hormonal status of the patient undergoing a 
breast operation. 

Although the reduction of blood loss by hypotensive anesthesia in our 
mastectomy group may appear of significance, actually it is of minor value to the 
patient. Under normal anesthesia it is perfectly safe to transfuse only 500 c.c. 
of blood when 800 ¢.c. was lost. Under controlled hypotension ali our patients 
but one had to be transfused anyway. 


The same argument can be made about the other standardized operations in 
our series. The shortening of anesthesia time by thirty minutes in an operation 
which lasts from two to four hours is little gain in the presence of modern 
normotensive anesthesia, which, in the good risk patients, can be prolonged for 
several hours without additional harm to the patient. At the end of a prolonged 
normotensive anesthesia, the status quo with all protective reflexes recovered will 
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be obtained sooner than after hypotensive anesthesia. The extensive use of this 
method in a busy operating schedule puts a great additional strain on the 
anesthesia and nursing teams. 

It is remarkable that thoracic surgery is assisted considerably in spite of its 
‘‘eentral’’ site, without taking advantage of the posture. However, clean, tech- 
nicaliy simple resections in the thorax can also be dry with normal technique, 
and the amount of blood which might be saved is insignificant (Table III). In 
extrapleural pneumonectomies the hypotensive technique might be of value. 

Of our fifty-three patients, only two had ‘‘absolute indications’’ for the 
choice of deliberate hypotension (Nos. 37, 51). Three others (Nos. 34, 40, 41), 
although considered operable under normal anesthesia, represent ‘‘relative 
indications,’’ because of the considerable facilitation of dissection, permitting 
cleaner and more radical tumor surgery, and, perhaps, the reduction of blood 
transfused. The assistance to the surgeon in difficult dissections cannot be 
neglected. This factor should not make us choose hypotensive anesthesia. It 
has been shown that serious complications associated with hypotensive anesthesia 
are directly related to the degree of the reduction of the blood pressure from 
the preoperative level.2* Most of the accidents in healthy persons undergoing 


22 


harmless operations probably never appeared in the literature.?* °* ? 

We have aiso used, in patients who are not ineluded in this study, Arfonad,* 
a thiophanium derivative, as the ganglionic blocking agent.'* When the patient 
is sensitive to its injection in small amounts, Arfonad seems to be more rapidly 
destroyed than is C,. At the end of the operation the pupils are usually small 
and the blood pressure stable and normotensive, which makes postoperative care 
easier. Because of its short action it is best given by intravenous drip (1 mg. 
per eubie centimeter), which produces a more controllable hypotension than 
©,.1% 2° At times it was difficult to produce a smooth hypotension with Arfonad 
beeause of the variability of the intravenous drip. 


SUMMARY AND CONCLUSIONS 

The data obtained from forty standard operative procedures (radical 
mastectomy), performed under either normotensive or hypotensive anesthesia 
under fairly controlled conditions, and the observations made on other opera- 
tions performed under hypotensive anesthesia, including measurement of sur- 
gical blood loss, are reported. 

The technique chosen for deliberate hypotension was the combination of 
hexamethonium bromide and change of posture. An attempt has been made 
to define the degree of assistance to patient and surgeon offered by this method. 

The following conclusions were drawn from these data: 


1. Standard operations which ean safely be performed under normal 
anesthesia without excessive hemorrhage are no indication for the selection of 
deliberate hypotension. The total blood loss (measured) is reduced, but not to 
an extent that transfusions are made unnecessary. The operative time is 


*Arfonad was given to us by Hoffmann-La Roche, Inc., Nutley, New Jersey, for investiga- 
tion. 
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reduced but not significantly. The only gain from the choice of this technique, 
in this group, was the facilitation of surgical dissection. This alone should not 
justify its use. 

2. The rare lesion which is inoperable under normal anesthesia because of 
the likelihood of uncontrollable hemorrhage represents an absolute indication 
for the choice of this method (only two of the fifty-three cases in this series). 

If rapid blood loss from large arteries or veins is to be expected, deliberate 
hypotension should not be selected. Venous bleeding is practically unaltered by 
this technique. 

3. If, in extensive resective surgery, excessive bleeding is to be expected. 
both surgeon and patient may be assisted by hypotensive anesthesia, if only 
small vessels are involved, if the operative site can be placed uppermost, and if 
the proper patient is selected. The major problem in selecting this technique 
today is our inability to be certain in which patient hypotension may reduce 
blood flow to a vital organ below its essential level. The relative safety of this 
technique is only possible when close cooperation between surgeon and anesthe- 
siologist exists. 

4. In selected patients excessively large numbers of transfusions, which 
occasionally can lead to uncontrollable oozing, may be avoided by controlled 
hypotension. 


st wish to express my appreciation to Dr. E. Caceres for his cooperation as surgeon and 
to Miss G. Comacho, Miss Z. Romero, Dr. P. Negrete, and Dr. C. Untiveros for their assistance. 
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THE PROBLEM OF THE BLEEDING PEPTIC ULCER 


J. GarRoTr ALLEN, M.D., AND Harry A. OBERHELMAN, JR., M.D., Cuicaco, ILL. 


(From the Department of Surgery, University of Chicago) 


HE nature of the treatment of patients bleeding from peptic ulcer is con- 

troversial because there are many facets to be considered. Each of these 
may assume a dominant role at one time or another and within the same course 
of the same patient. Thus a factor likely to account for the death of a patient 
may play an irrelevant role in another; and for that matter it may be an 
unimportant consideration later on in the same patient with an episode of re- 
currence of bleeding. The controversy as to choice of treatment is largely re- 
solved when the physician considers the needs of the individual patient and 
how they can best be met within the confines of his medical community. This 
involves the choice of the proper treatment for the appropriate patient at the 
right time. 

This presentation is a summary of principles as stated by many and con- 
firmed by personal experience. 


CAUSE OF DEATH FROM THE BLEEDING PEPTIC ULCER 


Reported experience as to the cause of death during an episode of bleeding 
from peptie ulcer varies considerably with the result that these are better listed 
than assigned an order of frequency. Among the causes encountered is ex- 
sanguinary hemorrhage in which death occurs before or shortly after medical 
aid becomes available. Death from bronchopneumonia, which in our expe- 
rience nearly always results from aspiration at the time of massive hematemesis, 
is fatal in most instances in spite of a prompt bronchoscopic toilet. Renal failure 
from prolonged shock, often complicated by the consequences of a mismatched 
blood transfusion, remains among the ravages of haste so common to this disease. 

If there is one cause of death that exceeds the others, it is the intractable 
bronchopneumonia from gastric aspiration. There remain secondary causes of 
death which are limited principally to cardiovascular accidents and pulmonary 
embolism. These more often are seen in the older age group when death oceurs. 


PATHOLOGY OF THE BLEEDING ULCER 


The massively bleeding gastric or duodenal uleer lies in an area where it 
erodes a major artery. The artery or branches usually involved are the left 
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gastric in the case of the gastric ulcer and the gastroduodenal when the duo- 
denal ulcer is the source of bleeding. Rarely the splenic artery is eroded by a 
gastric ulcer and even less often the aorta itself; in both instances fatality is 
the rule. 

In any ease, there is one feature of the pathologic anatomy in the patient 
with the massively bleeding ulcer which is common to all who suffer massive 
bleeding. It is the posterior location of the uleer. The posterior ulcer pene- 
trates but seldom perforates into the free peritoneal cavity. For the same 
reason, a perforating ulcer is seldom the site of massive hemorrhage. Its loca- 
tion is generally the anterior surface of the stomach or duodenum where it can 
communicate with the free peritoneal cavity. The anterior surfaces of both 
the duodenum and the stomach contain no major arteries; the vessels lying 
anteriorly are small by comparison with those found on or in the posterior 
regions (Fig. 1). For the most part the occurrence of perforation excludes 
the probabilitiy of a massive hemorrhage just as often as the massively bleeding 


uleer rarely perforates. 










H 4 , 
¥ ox” Nemec Hagh— 
ae 7 3 + at 


Fae ft 


\ 
he 
“y ‘t) { 
LB. ~ \n 
a pono a q +h 
as ; \ 


> 


Ny eed <> 
i ahs 





QC 

Fig. 1.—Artist’s illustration demonstrating the anatomic reasons why the perforating pep- 
tic ulcer which usually lies on the relatively nonvascular anterior portion of the stomach or 
duodenum seldom gives rise to massive hemorrhage. The peptic ulcer which bleeds massively 
is usually located posteriorly in the regions of the major vessels. The posterior ulcer is seldom 
able to perforate into the free peritoneal cavity 


There are certain pathologic considerations which favor continued bleeding 
or its intermittent but frequent and prompt recurrence. These are pathologic 
features which tend to interfere with the normally expected constriction of the 
eroded artery. The arteriosclerotic nature of vessels among the aged favors 
its pateney and continued bleeding. Occasionally, such an artery projects above 
the uleer bed, and it is difficult if not impossible to effect prompt healing about 
it. The patient suffering from a chronic ulcer is also likely to bleed contin- 
uously or to have an early recurrence. Such bleeding arteries are frequently 
thickened and enmeshed within the sear (Fig. 2). This state of affairs more 
often is observed among the older patient and adds to his pre-existing problem 
of arteriosclerosis. 

Finally, there remain those patients, some 15 to 20 per cent, whose mas- 
sive bleeding from the stomach or duodenum is due to causes other than peptic 
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Fig. 2.—Photomicrograph demonstrating the thickened arterial walls enmeshed in the 
ulcer bed of the stomach of a 40-year-old man whose ulcer history dated eight years at the 
time of resection. There is mechanical interference with constriction of these vessels by the 
fibrous tissue in the vessel wails as well as within the ulcer bed. 





Fig. 3.—Photomicrograph showing numerous small vessels within the submucosal area which 
collectively accounted for gastrostaxis requiring subtotal gastric resection. 
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uleer. The cause most likely to be overlooked and to lead to abandonment of 
resection is the patient suffering from iastrostaxis.”” For the most part 
these are patients with gastritis: atrophic, hypertrophic, or acute erosive gas- 
tritis. Illustrating the impossibility to detect a bleeding lesion grossly is the 
photomicrograph in Fig. 3, in which the unrelenting serious gastric hemorrhage 
appeared the result of a venous telangiectasia. A subtotal gastrectomy brought 
the desired relief from hemorrhage. 


ce 


SYMPTOMS AND DIAGNOSIS 


Massive bleeding from peptic ulcer is a self-evident symptom. Although 
most agree that approximately 85 per cent of all patients who exhibit this symp- 
tom suffer from a peptie ulcer, its origin is sufficiently obscure at times as to 
embarrass the surgeon occasionally in his search for the bleeding point. Esophag- 
eal and gastrie varices account for 5 to 10 per cent of patients with massive 
hemorrhage. Gastritis, esophagitis, venous telangiectasia of the gastric mucosa, 
benign and malignant tumors, blood dyserasias, and other causes combined ae- 
eount generally for less than 10 per cent of such bleeders. 

Whether or not diagnostic tests can or should be performed depends upon 
the patient’s condition and his clinical course. If surgical intervention is not 
imminently necessary, gastric suction should be instituted for twenty-four 
hours to remove the contents of the stomach as well as to reduce the quantity 
of gastric juice remaining in the stomach. If bleeding recurs, it can make it- 
self known earlier when a suction tube is in place. Thereafter the vigorous 
medical regimen required negates the use of the gastric tube and its value as a 
warning sign. 

If the patient’s condition permits, gastroduodenal fluoroscopy may be per- 
formed to diagnostic advantage. The major objection to the early use of this 
procedure centers about the fear that manipulation will reinstitute bleeding. 
This fear is probably exaggerated in the minds of many but so also appears 
to be the ease in favor of the fluoroscopy. There is the objection also that the 
stomach is not emptied of its contents and therefore may obscure the site of 
the ulcer and lead to misinterpretation of the facts at hand. 

Tanner’ found the gastroscopic examination more useful than fluoroscopy 
under these conditions. It is his practice to perform this procedure just prior 
to surgical intervention. 

Unless the patient has had previous uleer symptoms and possibly previous 
gastroduodenal fluoroscopic examinations, many surgeons prefer to intervene 
surgically, believing that most lesions which ean be diagnosed by fluoroscopy 
ean also be discerned upon direct inspection of the open stomach and/or duo- 
denum. This position ean only be justified under emergency conditions and 
is a trap to be avoided if possible. 


PREOPERATIVE SUPPORT 


The condition of the patient before operation should be characterized by 
a normal pulse rate and arterial blood pressure whenever possible. The return 
to normal of these vital signs does not necessarily guarantee a normal circulating 
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blood volume, but they are reassuring. The continued administration of blood 
throughout the operation, maintaining the normal values of these signs, is the 
simplest test of good blood replacement. A rising pulse rate and a falling 
blood pressure soon spell disaster in a patient with a history of recent hemor- 
rhage. 

Laboratory procedures to inelude the red cell count, hemoglobin concen- 
tration, and hematocrit reading should and can usually be obtained.? It must 
be remembered, however, that the results of these tests in the bleeding patient 
are likely to disclose too little blood loss rather than too much, as Stewart’s 
studies disclosed. 

Blood and plasma volume measurements are very helpful when available, 
but we can proceed safely with less exact information. 

Finally, the chief failure in the preparation of the patient is the admin- 
istration of too little blood—almost never, too much. 


OPERATIVE PROCEDURES FOR THE BLEEDING PEPTIC ULCER 


The goal in the surgical management of the patient with the bleeding peptic 
ulcer is hemostasis. There is general agreement that the operation best suited 
to this purpose is subtotal gastrie resection. This procedure removes the bleed- 
ing gastric ulcer but not necessarily the bleeding duodenal ulcer. Care must 
be taken in the latter instance to excise or to exclude the duodenal ulcer, suturing 
the bleeding point. In either case it is imperative that the duodenum as well 
as the remaining gastric segment be opened and carefully inspected for sources 
of hemorrhage in addition to that from one uleer. 

Because of the earlier high mortality from subtotal resection in the treat- 
ment of the bleeding ulcer patient, some have advocated less extensive surgical 
procedures in the deluded belief that a lesser but satisfactory operation could 
be concluded without a mortality in the surgical amphitheater when a resection 
could not. Among the procedures tried have been the excision of the ulcer; 
when practical, this is the best of the substitutes. Ligation of the left gastric 
pedicle er oversewing of the ulcer bed are usually unsatisfactory and have been 
associated too often with recurrence of hemorrhage to encourage their use. 

The careful and adequate administration of blood before and during opera- 
tion enables the surgeon to perform a subtotal gastrectomy with at least the 
safety of an alternate procedure, and once hemostasis is an accomplished fact 
the need for haste no longer exists. 

If one must intervene surgically and without a definite diagnosis, it is most 
important to know whether or not the patient experienced massive hematemesis. 
Hematemesis occurs more often from esophageal or gastric lesions than from 
duodenal sites. Duodenal massive bleeding is more likely associated with some 
hematemesis and massive melena. 

High gastric resection for massive hematemesis is also the emergency surgi- 
eal treatment of choice for gastrostaxis, gastric and esophageal varices, or tumor. 
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If an emergency exploration is indicated for massive hematemesis, ‘‘blind’’ 
subtotal gastrectomy needs no apology if the decision to operate was correct in 
the first place. 


THE DOCTOR’S DILEMMA: TO OPERATE OR NOT TO OPERATE 


The decision to operate upon the patient with a bleeding peptic ulcer is 
contingent upon several factors. Foremost is his failure to respond to sup- 
portive therapy. Other less obvious factors and circumstances must receive 
their share of consideration. These include the facilities available to the patient 
in his medical community. The safety with which blood transfusion can be 
pursued is often as important as the availability of an experienced surgeon 
and the quality of both vary considerably. 

In the past the surgeon has been asked to intervene at a time when the 
patient’s response has made clear that conservative management has failed. 
With this as the guiding principle for surgical intervention, many patients 
were moribund when the surgeon was asked to take over. The “perative results 
under these conditions were alarming; mortality rates ranging from 20 to 50 
per cent or greater were reported by many and were cause for discouragement 
to all concerned. Unfortunately, this experience served to strengthen the case 
in favor of long conservative management when it served better the cause for 
early surgery, for too often these high mortality figures reflected better the 
rates of surgical salvage among the medical moribund than they did surgical 
failure. 

Current experience favors the continued application of medical manage- 
ment as the method of choice in treating most patients in an episode of bleeding 
from peptie uleer. In support of this view is the fact that 70 to 90 per cent of 
all uleer patients who bleed will recover without a second bout of hemorrhage 
during this episode. Once recovered, if the correction of the patient’s ulcer 
problem seems to be surgical, the procedure of the surgeon’s choice can be ear- 
ried out more easily and within the acceptable mortality rate of less than 3 
per cent. The problem now confronting the doctor more often is concerned 
with the proper selection of the patient for the particular treatment than with 
its method of administration. 

Surgery for the treatment of the bleeding ulcer may be conveniently classed 
into four eategories : 

Group I. Interval surgery earried out after the patient has fully re- 

covered from his hemorrhagic episode. 

Group II. Emergency surgery when blood transfusion fails to keep up 

with blood loss and shock is neither circumvented nor corrected. 

Group III. Urgent surgery where shock is corrected but bleeding slowly 

continues. These patients cannot be weaned from their bottle 
of blood. 

Group IV. Elective intervention because of the likelihood of a recurrent 

bout of bleeding during the same episode. 
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Group I—The question of interval surgery in the patient with a past his- 
tory of bleeding is not under discussion here. 

Group II1—Emergency surgery is for the patient whose bleeding is so 
excessive that shock cannot be materially corrected by rapid transfusion. If 
surgery is to be performed it must be done promptly lest the patient die. Both 
the operative and nonoperative mortality rates continue high in this group of 
patients. Many die before they reach the hospital. There is the disadvantage 
in this group which characterizes any surgery conceived in haste in that it is 
seldom conducted with the equanimity required. Moreover, the operation is 
more often one of improvisation than of sound planning. This course of events 
ean be avoided in most instances and converted to one of deliberation if the 
surgeon will quickly obtain suture hemostasis by opening down upon the ulcer 
as soon as the abdominal incision is made. One hemostasis is effected, blood 
transfusion is rapidly continued until the normal circulatory status is reflected 
by the pulse rate and blood pressure. From this point on the operation usually 
ean proceed with the dignity of an elective gastrectomy. 

Group IIIT.—Urgent surgery is performed in the patient whose cireulatory 
status has been restored but whose bleeding fails to stop. It is this group of 
patients whose course is difficult to plot because of the many variables that 
creep into the picture. Among these are the professional skills of the medical 
community, the duration of bleeding, and the effectiveness of supportive treat- 
ment. 

Certain ‘‘guides’’ have proved very helpful in the management of patients 
in this group, but too often these guides have been adopted as ‘‘rules of thumb.’’ 


The duration of the bleeding is of paramount importance, for the longer 
the bleeding the greater the opportunity for other complications to assert them- 
selves. Finsterer® first called attention to the great difference in results when 
patients in this category were subjected to operation within the first forty-eight 
hours compared to those whose surgery was delayed for longer periods of time. 
The reports of others have been similar and tabulated upon many occasions. 
The longer the bleeding, the more transfusions needed and the greater the chance 
for a transfusion accident; the greater also are the opportunities for aspiration 
pneumonia, anorexia, water and electrolyte imbalance, and for thrombosis and 
embolic disorders to develop. 

Conservative management relies upon blood transfusion and upon antiacid 
measures to enable the ulcer to heal. Although blood may be available for 
transfusion, each transfusion carries at least two risks: that of mismatching and 
that of hepatitis. Although the mortality rate from transfusion is not known 
in most hospitals, it is a safe assumption that no hospital is without some grief 
in this connection. For some, the transfusion troubles are greater than for 
others, and this fact in itself cannot be overlooked in the selection of the 
treatment to be followed. It is one thing to maintain the circulation with the 
liberal use of blood and quite another to accomplish it without harm. 


Group IV.—The anticipation of recurrence of hemorrhage is in itself often 
justification for early operation even though there is no evidence of continued 
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bleeding. Opinions differ as to the weight any given factor should receive in 
arriving at the decision as to conservation or operative management among the 
patients of this group. There is, however, general agreement that bleeding tends 
to recur more frequently under certain circumstances than others. The decision 
to operate upon such patients is in anticipation of recurrence and is often guided 
also by factors found in Groups II and III. The decision to operate upon a 
patient for fear his bleeding may recur implies that the expected operative 
mortality is less than that anticipated should medical management be continued, 
taking into account that in many of these patients the expected recurrence of 
bleeding fails to materialize. 

Age of the patient also enters into the decision as to which course to pursue. 
Patients over 45 years of age tolerate blood loss less well than those in the 
younger age group. This difference in systemic response to hemorrhage is 
attributed to the altered resiliency in the arterial bed which occurs with 
advaneing years. However, age is also an important local factor in that the 
hemostatic benefits attributed to constriction of a severed artery diminish with 
age and the advanees of arteriosclerosis. 

The duration of the ulcer history may alter the ability of the bleeding 
artery to cease just as effectively as does arteriosclerosis. Often the wall of 
the bleeding vessel is enmeshed in excessive fibrous tissue or its wall is thickened 
so that it remains open and continues to bleed vigorously. This problem is 
accentuated when arteriosclerosis is also present; the older the patient the longer 
he may have had his uleer disease. When these two conditions are combined 
with another—that of hypertension, the more conservative approach is that of 
surgical intervention in most eases, as the rate of recurrence and massive 
bleeding on conservative management is frequent indeed. 

Recurrence of hemorrhage is a more likely probability in gastric than in 
duodenal uleer. The vessel eroded in the gastric uleer usually is of larger 
ealiber than when the more distal branches are the site of hemorrhage as in 
duodenal uleer. The recent observation by Dragstedt* that gastric ulcer is 
associated with gastric stasis may also play a role in the increased recurrence 
‘ates of hemorrhage from gastric ulcer. Stasis stimulates peptic digestion. It 
is to be anticipated that clot digestion will take place at rates which are more 
rapid than when the stomach empties freely and good antiuleer measures, such 
as frequent feedings and alkaline powders, can be regularly administered. 

The stenosed duodenal uleer which has bled also is recognized as being 
more susceptible to early recurrence of hemorrhage than when no pyloric 
obstruction is present. This seems explained on the basis of the long-recognized 
elinieal observation that pyloric obstruction is unfavorable to prompt healing 
and again because of the difficulties pyloric stenosis imposes upon a sound con- 
servative feeding program. 

There remain certain other arguments in favor of resection which are in 
themselves difficult to classify. One concerns the treatment of a patient with an 
episode of recurrent bleeding. All are agreed that this patient is a more likely 
eandidate for urgent surgery than he was during his initial bleeding episode if 
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all other considerations are similar. The choice to remain firm or to intervene 
surgically needs always to be reviewed in light of the facts at hand and as they 
concern the individual patient. 

Of less consequence in the management of the bleeding gastric ulcer is the 
question raised as to its nature—benign or malignant. This is the decision for 
the pathologist to make when he examines the resected specimen or for subsequent 
studies to reveal once the patient has recovered from bleeding. Hemostasis is 
the only problem at the time the uleer is bleeding; all other considerations are 
secondary. 

From this same experience certain errors can be demonstrated to arise 
when these same ‘‘guides’’ are used blindly as rules of thumb. Some of these are: 


1. That the first hemorrhage is seldom fatal and therefore operative inter- 
vention is seldom necessary. Blackford® observed in his series of patients that 
deaths from hemorrhage occurred with the bleeding episode in 75 per cent of 
cases. 

2. That death from hemorrhage seldom occurs among patients less than 45 
years of age. Fatal hemorrhage does occur in the younger age group but less 
frequently. In this age group death is more often the result of a massive 
exsanguinary hemorrhage than of the depleting effects of slower bleeding over 
a period of several days. Bleeding from a Curling ulcer is especially hazardous. 

3. That all patients over the age of 60 whose ulcers bleed should be sub- 
jected to surgery promptly. In this older age group the likelihood of 
recurrence of hemorrhage is somewhat greater than in younger patients. At 
the same time, so is the mortality of any surgical procedure, as illustrated by 
Cole,® who noted the mortality rate to be four times as great in the older age 
patients when compared with the younger age group subjected to comparable 
surgical procedures. 

4. That the decision in favor of surgery must always be made within the 
first forty-eight hours. In some patients the need for surgical intervention is 
obvious at onee as nothing short of an immediate operation will save the life 
of the patient. In others, bleeding ceases for a few days and may not reappear 
for a week, at which time the decision as to conservative or surgical management 
should be reviewed once again. 

5. That it is better to undertransfuse and maintain the blood pressure lower 
than normal if possible, thereby avoiding the possibility of a ‘‘blow-out’’ of 
the clot lodged in the eroded vessel. This concept is a notion without experi- 
mental support. In addition it ignores the ravages of shock which LeVeen’ 
showed are likely to be even greater in the case of a bleeding branch of the 
celiae axis, which reduces to near zero the hepatic artery pressure long before 
any defection in the systemic arterial pressure appears. 


SUMMARY 


Experience clearly indicates at this time that no particular set of rules 
save one can be followed in plotting the course of therapy in the patient with 
the bleeding ulcer: consider individually the risks and safeguards which opera- 
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tive and nonoperative managements offer the particular patient in his own 
medical community. Only then will the maximum in survival rates be achieved, 
and it should be no less than 95 per cent. 
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Aortic homografts, long-term observations 
on (Coleman et al.), 64 
substitutes, pliable plastic 
(Shumacker et al.), 80 
Appendicitis, acute suppurative, with per- 
foration resulting from metastatic 
carcinoma primary in_ kidney 
(Mayers), 979 
Arfonad hypotension for partial hepatec- 
tomy (Narat et al.), 732 
circulation, collateral, effect of 
lumbar sympathectomy on (White 
et al.), 567 
disease, peripheral, Syme amputation in 
(Warren et al.), 156 
grafts, homologous, apparatus for prep- 
aration of, by freeze-drying (Lehr 
et al.), 576 
injuries in Korean conflict (Inui et al.), 
850 
replacement, use of rigid and flexible 
plastic prostheses for (Hufnagel), 
165 


tubes as 


Arterial 


March, pp. 341-518; April, pp. 519-697; 
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Arterial circulation—Cont’d 

thrombi, lysis of, in rabbits and dogs, by 
use of activated human plas- 
minogen (fibrinolysin) (plasmin) 

(Grossi and Cliffton), 794 

freeze-dry process for 

et al.), 585 

Arteriolitis, necrotizing, of abdominal or- 
gans as postoperative complication 
following correction of coarcta- 
tion of aorta (Perez-Alvarez and 
Oudkerk), 833 

Arteriosclerosis; thromboendarterectomy, 
clinical appraisal (Wylie and 
Gardener), 415 

Arterioselerotic obliterative disease of 
lower aorta or iliac arteries, lower 
thoracic and lumbar sympathec- 
tomy for (Grimson et al.), 146 

occlusion of terminal aorta and common 
iliac arteries treated by thrombo- 
endarterectomy (Coelho et al.), 105 

vascular disease, peripheral, critical 
evaluation of lumbar sympathec- 
tomy for (Berry et al.), 115 

Arteriovenous fistula of renal vessels (Kirby 
et al.), 267 

renal (Schwartz et al.), 951 

Artery, coronary; experimental production 
and correction of mitral insuffi- 
ciency (Hurwitt et al.), 15 

femoral, blood vessel grafts in treatment 
of chronic occlusive disease in 

(Shaw and Wheelock), 94 
left enlarged subclavian, use of, to over- 
come defects associated with com- 
plicated coarctation of aorta (Ger- 

bode), 58 

sensitization reaction; 

pancreatitis (Thal), 911 

Atomie fireball; flash burn studies on human 
volunteers (Evans et al.), 280 

Atrio-septo-pexy; considerations and physi- 
ologie studies in closure of inter- 
auricular septal defects (Muller et 
al.), 1 

Aureomycin, penicillin, Terramyecin, and 
chloramphenicol, sensitivities of 
ten species of clostridia to (New- 
ton et al.), 392 

Automobile collision injuries, what to do 
about (Campbell), 622 (£.) 

Axial enteroenterostomy by telescopic cuff 
method using single row of con- 
tinuous sutures, experimental study 
(MeCaughan), 446 

Axillary metastases; problem of prognosis 
in cancer of breast (Lewison), 484 


Arteries, (Sauvage 


Arthus studies on 


B 


Bacteria; use of cellulose sponges in surgery 
(Paine and Egan), 243 

Bacterial flora of healing wounds (Strawitz 
et al.), 400 

Bacteriologie studies of human liver (Perry 
et al.), 533 


SUBJECT INDEX 


| Battle casualty; bacterial flora of healing 
| wounds (Strawitz et al.), 400 
massive transfusion in severely 
wounded (Artz et al.), 469 
wounds; sensitivities of ten species of 
clostridia to penicillin, Aureomy- 
cin, Terramyein, and _ chloram- 
phenicol (Newton et al.), 392 
Bilateral herniotomy in infants and chil- 
dren (Rothenberg and Barnett), 
947 
Spigelian hernias in childhood (Hurwitt 
and Borow), 963 


Bile drainage after choledochostomy in 
man, with some observations on 

biliary fistula (Rundle et al.), 903 

duct, common; abnormalities of pan- 
creatic bile duct as cause of pan- 


creatitis (Hughes), 263 
portal hypertension accompanying 
cholangitis due to stricture of, cor- 
rection by splenorenal shunt (Ellis 
and Holman), 463 
ealeuli; surgical treatment of 
chronic relapsing pancreatitis 
(Priestley), 319 
fistula, bile drainage after choledochos- 
tomy in man, observations on 
(Rundle et al.), 903 
system; surgical significance of primary 


Biliary 





sarcinoma of liver (Overton et 
al.), 519 

Biopsy, needle; implantation of cancer 
avoidable surgical risk? (Acker- 
man and Wheat), 341 

Bleeding peptic ulcer, problem of (Allen 


and Oberhelman), 1019 
dysecrasias; indications 


Blood 


for splenec- 


tomy (Orebaugh and Coller), 858 
flow, adequate, method of maintaining, 
through thoracic aorta while in- 
serting aorta graft to _ replace 
aortic aneurysm (Johnson et al.), 
54 
loss, surgical, in comparable groups of 


normotensive and hypotensive an- 
esthesia, deliberate hypotension in 
anesthesia, with special considera- 
tion of (Safar), 1002 
massive transfusion in the 
wounded (Artz et al.), 469 
pressure; deliberate hypotension in anes- 
thesia, with special consideration 
of surgical blood loss in com- 
parable groups of normotensive and 


severely 





hypotensive anesthesia (Safar), 
1002 

transfusions; survey of evacuation, re- 
suscitation, and mortality in for- 
ward surgical hospital (Sako et 


al.), 603 
vessel anastomosis, new two-way needle 
for (Jennings and Cowley), 206 
grafts in treatment of chronic occlusive 
disease in femoral artery (Shaw 
and Wheelock), 94 
Book reviews, 518 














SUBJECT INDEX 


Bowel, intestinal obstructions due to pri- 
mary neoplastic strictures’ of 

(Smith et al.), 778 
large; megacolon, with particular refer- 


ence to Hirschsprung’s_ disease 
(Lee), 762 
obstruction, acute small, trocar decom- 


pression in (Barnes), 542 
Breast, cancer of, problem of prognosis in 
(Lewison), 479 
delayed appearance of metastasis from 
earcinoma of (Sklaroff and Ster- 
ling), 838 
simple mastectomy for carcinoma of, re- 
ported results (Deaton), 720 
Buffalo Surgical Society (announcement), 
338 
Burn, flash, studies on human volunteers 
(Evans et al.), 280 


Burns, paper-backed postage stamp skin 
grafts in treatment of (Elliott 

and Grow), 823 

C 
Caleuli, biliary; surgical treatment of 


ehronie relapsing pancreatitis 
(Priestley et al.), 319 
Cancer of breast, problem of prognosis in 

(Lewison), 479 

Conference, Sixth National Gastroin- 
testinal (announcement), 338 

implantation of—avoidable surgical risk? 
(Ackerman and Wheat), 341 

primary, of liver (Cohn and St. Ray- 
mond), 356 

results of surgical treatment of primary 
earcinoma of lung (Macmanus et 
al.), 560 


surgical treatment of extrinsic larynx 
and hypopharyngeal walls (Mor- 
fit), 229 
Carcinoma of ampulla of Vater, ten-year 
survival following pancreatoduo- 
denectomy for (Everson and Cole), 
260 


of breast, delayed appearance of metas- 
tasis from (Sklaroff and Sterling), 
838 
simple mastectomy for, 
suits (Deaton), 720 
of gall bladder (Fitchett et al.), 726 


reported re- 


metastatic, acute suppurative appendi- 
eitis with perforation resulting 
from, primary in kidney (Mayers), 
979 


primary, of liver, surgical significance of 
(Overton et al.), 519 
of lung, results of surgical treatment 
of (Macmanus et al.), 560 
of sigmoid metastasizing to anus by 
mucosal route (Fitchett), 991 
squamous-cell, of anus, results of treat- 
ment (Judd and DeTar), 220 
Cardiac septa, repair of defects in, by 
many-tailed plaque _ technique: 
diverticulum approach to_ heart 
chambers (Turk and Glenn), 427 





1037 


Cardiac septa—Cont’d 
-stimulating electrodes, 
(Rosenbaum), 712 
wounds; treatment of penetrating wounds 
of heart, experimental and clinical 
observations (Cooley et al.), 882 
Cardiovascular dynamics; extracorporeal 
circulation: role of pulse in main- 
tenance of systemic circulation 
during heart-lung by-pass (Weso- 
lowski et al.), 663 
Carotid arteries, anastomosis of common 
and internal, following excision of 
mycotic aneurysm (Shea et al.), 
829 
Casualties, combat, plasma retention and 
urinary excretion of dextran and 
modified fluid gelatin in (Frawley 
et al.), 384 
use of dextran and modified fluid 
gelatin in, clinical observations on 
(Artz et al.), 612 
Cats; effect of lumbar sympathectomy on 
collateral arterial circulation 
(White et al.), 567 
Cavernous hemangioma of lower extremity, 
comprehensive surgical manage- 
ment of, with special reference to 
stripping (Myers and Janes), 184 
Cecum and splenic flexure, coexistent vol- 
vulus of (Young), 983 
Cellulose sponges, use in surgery (Paine 
and Egan), 242 
Chambers, heart, diverticulum approach to: 
repair of defects in cardiac septa 
by many-tailed plaque technique 
(Turk and Glenn), 427 
Children, annular pancreas in infants and 
(Farringer), 638 
bilateral Spigelian hernias in (Hurwitt 
and Borow), 963 
infants, bilateral herniotomy in 
(Rothenberg and Barnett), 947 
Chimpanzee, choledocho- and pancreatico- 


safe direct 


and 


duodenal junctions in (Boyden), 
918 
Chloramphenicol, penicillin, Aureomycin, 


and Terramycin, sensitivities of 
ten species of clostridia to (New- 
ton et al.), 392 

Cholangitis due to stricture of common bile 
duct, portal hypertension accom- 
panying: correction by  spleno- 
renal shunt (Ellis and Holman), 
463 

Cholecystectomy; carcinoma of gall bladder 
(Fitchett et al.), 726 

Choledochoduodenal and _ pancreaticoduo- 
denal junctions in chimpanzee 
(Boyden), 918 

Choledochostomy in man, bile drainage 

after, with some observations on 

biliary fistula (Rundle et al.), 903 

relapsing pancreatitis, surgical 

treatment of (Priestley et al.), 

317 


Chronie 
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Cireulation, collateral arterial, effect of 
lumbar sympathectomy on (White 
et al.), 567 
extracorporeal: role of pulse in main- 
tenance of systemic circulation 
during heart-lung by-pass (Weso- 
lowski et al.), 663 
Clinical judgment, good, sound (Prudden), 


848 (E£.) 
Clostridia, sensitivities of ten species to 
penicillin, Aureomycin, Terramy- 


ein, and chloramphenicol (Newton 
et al.), 392 
Coaretation of aorta, complicated, use of 
enlarged left subclavian artery to 
overcome defects associated with 
(Gerbode), 58 
necrotizing arteriolitis of abdominal 
organs as postoperative complica- 
tion following correction of (Perez- 
Alvarez and Oudkerk), 833 
injury; experimental frostbite: in- 
quiry into effect of rapid thawing 
in acute stage (Arena and Blain), 
175 
Collateral arterial circulation, effect of 
lumbar sympathectomy on (White 
et al.), 567 
injuries, automobile, what to do 
about (Campbell), 662 (£.) 
place of emergency resection in 
management of obstructing and 
perforating lesions of (Gregg), 754 
casualties, plasma retention and 
urinary excretion of dextran and 
modified fluid gelatin in (Frawley 
et al.), 384 
of dextran and modified 
gelatin in, clinical 
(Artz et al.), 612 
Continuous sutures, axial enteroenterostomy 
by telescopic cuff method using 
single row of: experimental study 
(MeCaughan), 446 
Contractures, incapacitating, 
following intravenous 
(Glass and Smith), 803 
artery; experimental production 
and correction of mitral insuffi- 
ciency (Hurwitt et al.), 15 
occlusion in dogs, effect of hypothermia 
on survival rates following (Sel- 
man and Brofman), 707 
studies with particular reference to 
lack of effect of experimentally 
produced myocardial infarction 
upon exercise tolerance (Siderys 
et al.), 890 
Correspondence, 339 
Curtain, iron (Ogilvie), (E.) 
Cysts, gas, of intestine (Witkowski et al.), 
959 
pneumatosis cystoides intestinalis 
ter and Wilson), 255 


Cold 


Collison 


Colon, 


Combat 


fluid 
observations 


use 


of elbows, 


infusions 


Coronary 


979 


ela 


(Car- 


D 


Decompression, trocar, in acute small bowel 
obstruction (Barnes), 542 








SUBJECT INDEX 


co- 
by 
subelavian 


Defects associated with complicated 
arctation of aorta, overcome 
use of enlarged left 
artery (Gerbode), 58 

interauricular septal, closure of, consid- 
eration and physiolegic studies 
(Muller et al.), 1 

Deliberate hypotension in anesthesia, with 

special consideration of surgical 

blood loss in comparable groups of 
normotensive and hypotensive an- 

esthesia (Safar), 1002 

and modified fluid gelatin, plasma 

retention and urinary excretion of, 

in combat casualties (Frawley et 

al.), 384 

use in combat casualties, clinical ob- 
servations on (Artz et al.), 612 

Diaphragm; iron curtain (Ogilvie), 272 

(E.) 
traumatic rupture of both leaves 
(Manlove and Baronofsky), 461 

Dietary control of postgastrectomy ‘‘dump- 
ing syndrome’’ (Hayes), 785 

Dilatation, ureteric, new possibilities 
(Vlietstra), 811 

Diverticulum approach to heart chambers: 
repair of defects in cardiac septa 
by many-tailed plaque technique 
(Turk and Glenn), 427 

Dog laboratory, safe inexpensive x-ray and 
fluoroscopic table for (Fisher et 
al.), 633 


Dextran 


of 


for 


Dogs; Arfonad hysotension for partial 
hepatectomy (Narat et al.) 732 

axial enteroenterostomy by telescopic 
cuff method using single row of 


continuous sutures, experimental 
study (McCaughan), 447 

diverticulum approach to heart cham- 
bers: repair of defects in cardiac 
septa by many-tailed plaque tech- 
nique (Turk and Glenn), 427 

effect of hypothermia on survival rates 
following coronary occlusion in 
(Selman and Brofman), 707 

total body irradiation on experimental 

renal transplantation (Baker and 
Gordon), 820 

experimental production and correction of 
mitral insufficiency (Hurwitt et 
al.), 15 

failure of sodium dehydrocholate to pro- 
tect against hemorrhage (Edwards 
and Lombardo), 629 


long-term observations on aortic homo- 
grafts (Coleman et al.), 64 

metabolic alterations following experi- 
mental vesicosigmoidostomy (Des- 
Prez et al.), 369 

pliable plastic tubes as aortic substi- 
tutes (Shumacker et al.), 80 


and rabbits, lysis of arterial thrombi in, 
by use of activated human plas- 
minogen (fibrinolysin) (plasmin) 
(Grossi and Cliffton), 794 

relation of serum iron changes, hepatic 
function, and histologic findings in 








SUBJECT INDEX 


Dogs—Cont’d 
experimental hepatic 
various etiologies 
al.) 738 
studies in coronary occlusion with par- 
ticular reference to lack of effect 
of experimentally produced myo- 
cardial infaretion upon exercise 
tolerance (Siderys et al.), 891 
on pancreatitis (Thal), 911 
treatment of penetrating wounds of 
heart, experimental and clinical 
observations (Cooley et al.), 883 
use of cellulose sponges in surgery (Paine 
and Egan), 242 
gastric tube to replace or 
esophagus (Heimlich and 
field), 552 
rigid and flexible plastic prostheses for 


injuries of 
(Reissmann et 


by-pass 
Win- 


arterial replacement ( Hufnagel), 
170 
Drainage, bile, after choledochostomy in 


man, with some observations on 
biliary fistula (Rundle et al.), 903 
pleural, following pneumonectomy, de- 
scription of apparatus (Pecora and 
Cooper), 251 
Duct, common bile, portal hypertension ac- 
companying cholangitis due _ to 
stricture of: correction by spleno- 
renal shunt (Ellis and Holman), 
463 
system, abnormalities of pancreatic, as 


eause of pancreatitis (Hughes), 
263 
‘‘Dumping syndrome’’  postgastrectomy, 


dietary control of (Hayes), 785 

Duodenal and gastric function, conserva- 
tion in palliative esophageal recon- 
struction (Carswell et al.), 208 

Duodenum; choledocho- and _ pancreatico- 
duodenal junctions in chimpanzee 
(Boyden), 918 

papillary lymph nodule hyperplasia of 
(Golodner et al.), 409 
two spherical duplications of second por- 

tion of, in 54-year-old patient, case 
report (Broker and Hay), 996 

Duplications, spherical, two, of second por- 
tion of duodenum in 54-year-old pa- 
tient, case report (Broker and 
Hay), 996 

E 

Editorials, 272, 478, 662, 848 

Elbow, surgery of, 518 (B. Rev.) 

Elbows, incapacitating contractures of, fol- 
lowing intravenous infusions (Glass 
and Smith), 803 

Electrodes, safe direct cardiac-stimulating 
(Rosenbaum), 712 

Embolism, pulmonary; management of ve- 
nous thrombosis in lower extremi- 
ties (de Takats), 507 


Enteroenterostomy, axial, by telescopic cuff 
method using single row of con- 
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Enteroenterostomy—Cont’d 
tinuous sutures, experimental study 
(McCaughan), 446 
Epithelioma; squamous-cell carcinoma of 
anus, results of treatment (Judd 
and DeTar), 220 
Esophageal reconstruction, palliative, con- 
servation of gastric and duodenal 
function in (Carswell et al.), 208 
Esophagus; iron curtain (Ogilvie), 272 (£.) 
use of gastric tube to replace or by-pass 
(Heimlich and Winfield), 549 
Europe, Western, rebirth of medical profes- 
sion in: medicine and surgery A.D. 
600-1600 (Krey), 298 
Excretion, urinary, and plasma retention, of 
dextran and modified fluid gelatin 
in combat casualties (Frawley et 
al.), 384 
Extracoronary anastomoses; revascularization 
of heart by pedicled skin flap (von 
Wedel et al.), 32 
Extracorporeal circulation: role of pulse in 
maintenance of systemic circulation 
during heart-lung by-pass (Weso- 
lowski et al.), 663 
Extremities, lower, evaluation of method of 
phlebography of (Felder and 
Murphy), 198 
management of venous 
(de Takats), 507 
Extremity, lower, comprehensive surgical 
management of cavernous heman- 
gioma of, with special reference to 
stripping (Myers and Janes), 184 
Extrinsic larynx and hypopharyngeal walls, 
surgical treatment of cancer of 
(Morfit), 229 


thrombosis in 


F 


Fascia, ox, in hernia repair (Koontz), 339 
(Correspondence ) 
Femoral artery, blood vessel grafts in treat- 
ment of chronic occlusive disease in 
(Shaw and Wheelock), 94 
arteriovenous, of renal 
(Kirby et al.), 267 
biliary, bile drainage after choledochos- 
tomy in man (Rundle et al.), 903 
renal arteriovenous (Schwartz et al.), 951 
Flap operation; evaluation of method of 
phlebography of lower extremities 
(Felder and Murphy), 204 
pedicled skin, revascularization of heart 
by (von Wedel et al.), 32 
burn studies on human 
(Evans et al.), 280 
Flora, bacterial, of healing wounds (Stra- 
witz et al.), 400 
Fluid gelatin, modified, and dextran, plasma 
retention and urinary excretion in 
combat casualties (Frawley et al.), 
384 
Fluoroscopic and x-ray table, safe, inexpen- 
sive, for dog laboratory (Fisher et 
al.), 633 


Fistula, vessels 


Flash volunteers 
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Foot; Syme amputation in peripheral arte- 
rial disease (Warren et al.), 156 

Freeze-dry process for arteries (Sauvage et 
al.), 585 

Freeze-drying apparatus for preparation of 
homologous arterial grafts (Lehr 
et al.), 576 

Frostbite, experimental; inquiry into effect 
of rapid thawing in acute stage 
(Arena and Blain), 175 


G 


Gall bladder, carcinoma of (Fitchett et al.), 
726 
Ganglia; application of physiologic princi- 
ple of hemometakinesia to technique 
of lumbar sympathectomy (Atlas), 
130 
Gas cysts of intestine (Witkowski et al.), 959 
pneumatosis eystoides intestinalis (Carter 
and Wilson), 255 
Gastric and duodenal function, conservation 
in palliative esophageal reconstrue- 
tion (Carswell et al.), 208 
tube to replace or by-pass esophagus 
(Heimlich and Winfield), 549 
uleer, acute (Taylor and Strange), 536 
Gastroenterostomy, jejunogastric intussus- 
ception associated with strange post- 
operative complication (De Andrade 
and De Andrade Coelho), 653 
Gastrointestinal Caneer Conference, 
National (announcement), 338 
Gelatin, modified fluid, and dextran, use in 
combat casualties, clinical observa- 
tions (Artz et al.), 612 
plasma retention and urinary excre- 
tion of dextran and, in combat cas- 
ualties (Frawley et al.), 384 
Glomus tumor of stomach (Mannix et al.), 
473 
Glossectomy; macroglossia in primary amy- 
loidosis (Caudell and Yoshida), 645 
aorta, to replace aortic aneurysm, 
maintaining adequate blood flow 
through thoracie aorta during in- 
sertion (Johnson et al.), 54 
pliable plastic tubes as aortie substitutes 
(Shumacker et al.), 80 
Grafting, skin; implantation of 
avoidable surgical risk? 
man and Wheat), 343 
Grafts and anastomoses in venous system, 
with special reference to growth 
changes (Sauvage and Wesolowski), 
714 
blood vessel in treatment of chronic ocelu- 
sive disease in femoral artery (Shaw 
and Wheelock), 94 
homologous arterial, apparatus for prep- 
aration by freeze-drying (Lehr et 
al.), 576 
paper-backed 
treatment of 
Grow), 823 


Sixth 


Graft, 


vancer—— 


(Acker- 


stamp, in 
(Elliott and 


postage 
burns 


skin, 


SUBJECT 





INDEX 


Growth changes, anastomoses and grafts in 
venous system with special refer- 
ence to (Sauvage and Wesolowski), 
714 


H 


Healing wounds, bacterial flora of 
witz et al.), 400 
Heart chambers, diverticulum approach to: 
repair of defects in cardiac septa 
by many-tailed plaque technique 
(Turk and Glenn), 427 
in closure of interauricular septal defects, 
considerations and physiologic stud- 
ies (Muller et al.), 1 
experimental production and correction of 
mitral insufficiency (Hurwitt et al.), 
15 
-lung by-pass, role of pulse in maintenance 
of systemic circulation during, ex- 
tracorporeal circulation (Wesolow- 
ski et al.), 663 
penetrating wounds of, treatment of, ex- 
perimental and clinical observations 
(Cooley et al.), 882 
perforating (through-and-through) stab 
wounds of (Crastnopol and Man- 
nix), 840 
revascularization of, by pedicled skin flap 
(von Wedel et al.), 32 
flash burn studies on human volun- 
teers (Evans et al.), 280 
Hemangioma, cavernous, of lower extremity, 
comprehensive surgical manage- 
ment of, with special reference to 
stripping (Myers and Janes), 184 
Hemometakinesia, application of physiologic 
principle of, to technique of lum- 
bar sympathectomy (Atlas), 130 
Hemorrhage; acute gastric uleer (Taylor and 
Strange), 536 
failure of sodium dehydrocholate to pro- 
tect against (Edwards and Lom- 
bardo), 629 
Hemorrhagic pancreatitis, acute, hepatic le- 
sions of (Fisher and McCloy), 213 
Heparin; management of venous thrombosis 
in lower extremities (de Takats), 
508 
Hepatectomy, partial, Arfonad 
for (Narat et al.), 732 
Hepatic carcinoma; surgical significance of 
primary carcinoma of liver (Over- 
ton et al.), 519 
function, serum iron changes, and _histo- 
logic findings, relation in experi- 
mental hepatic injuries of various 
etiologies (Reissmann et al.), 738 
lesions of acute hemorrhagic pancreatitis 
(Fisher and McCloy), 213 
Hernia repair, ox fascia in (Koontz), 339 
(Correspondence ) 
Spigelian, bilateral, in 
(Hurwitt and Borow), 963 
Herniotomy, bilateral, in infants and chil- 
dren (Rothenberg and Barnett), 947 
Hirschsprung’s disease, megacolon with par- 
ticular reference to (Lee), 762 


(Stra- 


Heat: 


hypotension 


Hernias, childhood 


it 
oy 
H 
f 
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Histologie findings, serum iron changes, and 
hepatic function, relation in experi- 
mental hepatic injuries of various 
etiologies (2eissmann et al.), 738 

grading; problem of prognosis in cancer of 
breast (Lewison), 486 

Homografts, aortic, some long-term observa- 
tions on (Coleman et al.), 64 

Homologous arterial grafts, apparatus for 
preparation by freeze-drying (Lehr 
et al.), 576 


Human volunteers, flash burn studies on 
(Evans et al.), 280 
Hyperplasia, papillary lymph nodule, of 


duodenum (Golodner et al.), 409 
Hypersplenism; indications for splenectomy 
(Orebaugh and Coller), 858 


Hypertension, essential, experiences with 
thoracolumbar sympathectomy and 
with combined adrenalectomy-sym- 


pathectomy in treatment of patients 
with (Zintel et al.), 928 
accompanying cholangitis due to 

stricture of common bile duct: cor- 

rection by splenorenal shunt (Ellis 

and Holman), 463 

Hypopharyngeal walls, surgical treatment of 
eancer of extrinsic larynx and 
(Morfit), 229 

Hypoproteinemia; role of protein metabolism 
in surgery (Cole et al.), 683 

Hypotension, Arfonad, for partial hepatec- 
tomy (Narat et al.), 732 

deliberate, in anesthesia, with special con- 

sideration of surgical blood loss in 
comparable groups of normotensive 
and hypotensive anesthesia (Safar), 
1002 

Hypothermia, effect on survival rates follow- 
ing coronary occlusion in dogs 
(Selman and Brofman), 707 


portal, 


I 


Iliac arteries, common, arteriosclerotie oeclu- 
sion of terminal aorta and, treated 
by thromboendarterectomy (Coelho 
et al.), 105 

lower thoracic and lumbar sympathec- 
tomy for arteriosclerotic oblitera- 
tive disease of lower aorta or 
(Grimson et al.), 146 

Implantation of cancer—avoidable surgical 
risk? (Ackerman and Wheat), 341 

In memoriam, Edwin P. Lehman, 337 

Infant, newborn, rupture of stomach in, with 
survival (Mann et al.), 969 

Infants and children, annular pancreas in 
(Farringer), 638 

bilateral herniotomy in (Rothenberg and 
Barnett), 947 

Infarction, myocardial, experimentally pro- 
duced, studies in coronary occlusion 
with particular reference to lack of 
effect of, upon exercise tolerance 
(Siderys et al.), 890 

Injuries, arterial, in Korean conflict (Inui et 
al.), 850 
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Injury, cold; experimental frostbite: inquiry 
into effects of rapid thawing in 
acute stage (Arena and Blain), 175 
metabolic response to, and wound healing, 
effect of previous level of protein 
feeding on (Calloway et al.), 935 
Insufficiency, mitral, experimental produc- 
tion and correction of (Hurwitt et 
al.), 15 
surgical treatment of (Kay and Cross), 
697 
Interauricular septal defects, considerations 
and physiologic studies in closure of 
(Muller et al.), 1 
Intestinal obstructions due to primary neo- 
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pancreatitis (Fisher and McCloy), 

213 
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sancer of breast (Lewison), 484 

Metastasis from carcinoma of breast, 
layed appearance § (Sklaroff 
Sterling), 838 

Mitral insufficiency, experimental production 


de- 
and 


and correction of (Hurwitt et al.), 
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through), of heart (Crastnopol and 
Mannix), 840 

Statistics; good, sound clinical 
(Prudden), 848 (£.) 

Stomach, glomus tumor of (Mannix et al.), 
473 

rupture of, in newborn infant, with sur- 
vival (Mann et al.), 969 

use of gastric tube to replace or by-pass 
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ment of cavernous hemangioma of 
lower extremity with special refer- 
ence to (Myers and Janes), 184 

Subclavian artery, left, enlarged, use to over- 
come defects associated with com- 
plicated coarctation of aorta (Ger- 
bode), 58 

Surgery of elbow, 518 (B. Rev.) 

and medicine, A.D. 600-1600; 
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al ZASE 0. you may put your own mind at ease 


as well as calm your patient when you prescribe 


Noludar 'Roche' as a sedative (or in 


larger Gosage, as a hypnotic). There is 


little danger of habituation or other side 
effects, because Noludar is not 

@ barbiturate. Available in 

50-mg and 200-mg tablets, 

and in liquid form, 

50 mg per teaspoonful. 

Noludar'™- brand 

of methyprylon. 
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